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GEOGRAPHICAL ASPECTS OF THE LAW OF THE SEA’ 


G. ETZEL PEARCY 
Department of State 


E recent Law of the Sea Conference at 

Geneva was only the latest of a series of 
efforts to bring about accord and clarification 
on matters of sovereignty and rights with 
respect to the seas of the world. Many jurists 
as well as other legal and technical specialists 
have long concerned themselves with ques- 
tions involving the relationship of the state to 
the physical properties of offshore sea areas. 
For example, the Hague Codification Con- 
ference of 1930 carried a wide agenda of 
objectives not unlike many of those at the 
Geneva Conference, while the Anglo—Norwe- 
gian Fisheries Case in December 1951 focused 
attention upon one specific margin of the 
sea and its attendant problems. 

Plans for the Geneva Conference were gen- 
erated in February 1957 by the adoption of a 
resolution of the General Assembly of the 
United Nations. The action itself sprang from 
a recommendation made in the Report of the 
International Law Commission covering the 
work of its Eighth Session from April 23 to 
July 4, 1956: 

The Commission therefore recommends . . . that the 
General Assembly should summon an international 
conference of plenipotentiaries to examine the law 
of the sea, taking account not only of the legal but 
also of the technical, biological, economic and 
political aspects of the problem, and to embody 
the results of its work in one or more international 
conventions or such other instruments as it may 
deem appropriate. 

The resulting conference convened in late 
February 1958 and continued for nine weeks. 
Governments of eighty-six states were repre- 
sented, all members of the United Nations or 
participants in the activities of the Specialized 
Agencies of the United Nations. Only the 


‘The views expressed in this article are those of the 


hor and do not necessarily reflect the views of the 
United States Government. 


Sudan and Ethiopia were missing from what 
would be considered a complete United 
Nations list. 

Of the eighty-six states represented fifty- 
four have direct access to the open seas; 
another nineteen have access through rela- 
tively narrow straits—notably the Strait of 
Gibraltar; thirteen states are landlocked and 
must depend upon other states for transit 
rights to the sea. The motivating intent of all 
representatives, however, regardless of the 
particular location of their states, was to con- 
sider the major aspects of the law of the seas 
and its multifarious implications. Geographi- 
cal aspects were far from lacking, though not 
taken into account collectively as a specific 
topic or necessarily under the heading of geog- 
raphy. Since the eighty-six states concerned 
make up the greater part of the land portion of 
the world, and are strongly affected by all of 
the water portions, geographic factors are 
basic and far-reaching. It is, therefore, the 
purpose of this paper to concentrate on a 
geographic interpretation of the proceedings 
at the Geneva Conference and upon the 
results as set forth in the final conventions. 

Seventy-three articles drafted by the Interna- 
tional Law Commission provided the underly- 
ing premises for the conduct of the Conference, 
and served as points of departure for imple- 
menting much of the action taken.? With very 
little doubt the breadth of the territorial sea 
came into the limelight as the number one 
issue of the day. Nevertheless, there were 
many other important issues which received 
rather mediocre publicity in the international 
news services. Some of these involved the 


2 Report of the International Law Commission, Gen- 
eral Assembly, Official Records: 11th Session, Sup- 
plement No. 9 (A/3159), United Nations, New York, 
1956. 
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right of transit in the territorial sea, fishing 
rights in offshore waters, development of 
mineral resources on the floor of the ocean, 
air space above territorial waters, laying and 
maintenance of cables and pipelines, pollution 
of the sea by atomic waste, and national 
defense interests of coastal states. In addition, 
the problems of landlocked states were made 
a part of the agenda, even though this issue is 
less directly associated with law of the sea 
matters. 

As a major breakdown the work of the 
Conference was divided into five sections, 
each one dealing with a group of related prob- 
lems and assigned to a committee: 

Committee One: Territorial Sea and Con- 

tiguous Zone 

Committee Two: High Seas: General Re- 

gime 

Committee Three: High Seas: Fishing; the 

Conservation of Living 
. Resources 

Committee Four: Continental Shelf 

Committee Five: Landlocked Countries 
Following the work of individual committees, 
a series of plenary sessions enabled the formu- 
lation of four conventions, one protocol, and 
nine resolutions embodying the final results 
of the Conference.* 

Most, but not all, of the issues considered in 
the Geneva Conference have their geographi- 
cal facets. For example, the breadth of the 
territorial sea and the means by which it 
is measured logically qualify as geographic. 
These particular items fell within the scope of 
Committee One. Likewise, all boundaries 
extending through offshore waters have a geo- 
graphical base. The distinctive positions of 
the thirteen landlocked states also bring into 
play numerous geographical factors to explain 
their plight and give rise to remedial measures 
which may be taken to allow them an outlet 
to the sea. On the other hand such issues as 
the right of a ship to fly a flag of its nation- 
ality, or acts of piracy committed by a ship are 
essentially non-geographical—though even 
here location may prove to be a critical factor. 
The resources of the sea, such as swimming 
fish, crustacea, petroleum, and solid minerals, 
make up prominent subject matter in the field 


% United Nations Conference on the Law of the Sea, 
A/CONF. 13/L.52, 28 April 1958. Also, Department 
of State Bulletin, Vol. XXXVIII, No. 992 (June 30, 
1958), pp. 1110-25. 


of geography, but in this paper are considered 
only in relation to boundaries or some othe; 
locational aspect. 

By screening all of the activities of the 
Geneva Conference it is possible, with som 
logic, to arbitrarily assign the geographic 
aspects of the Law of the Sea to five major 
categories: 

1. The Territorial Sea: its breadth and 
application to the coast of the states of 
the world. 

2. The Baseline: as the criterion for deter. 
mining the inner margin of the teri. 
torial sea. 

3. The Continental Shelf: \egal versus physi- 
cal aspects of a portion of the floor of 
the sea. 

4. Offshore Boundaries: the median line as 
a determinant of full sovereignty or 
other types of jurisdiction. 

5. Landlocked Countries: access of interior 
states to the open seas. 

Accordingly, each of these topics will be dis- 
cussed in sequence. A close inter-relationship 
exists between the territorial sea and the base- 
line from which it is measured; therefore the 
section on the latter of these two topics can be 
considered as supplementary to the former. 
Offshore boundaries are discussed after the 
continental shelf since the median line may 
apply to its seabed as well as to the waters of 
the territorial sea. 


THE TERRITORIAL SEA 


All states admit the existence of the tert- 
torial sea and understand its purpose. Over it 
the coastal state exercises full sovereignty sub- 
ject to certain rights accorded to other states 
by international law such as the right of 
innocent passage. It is the breadth of the ter- 
ritorial sea which raises a critical issue of 
world-wide importance—how far offshore shall 
the sovereignty of the coastal state prevail? 

At the Law of the Sea Conference in Geneva 
delegates debated officially and lobbied unof- 
ficially for international acceptance of a three- 
mile, six-mile, or twelve-mile territorial sea, but 
to no avail. Despite the great efforts to arrive 
at a solution it was the one issue at the Con- 
ference to meet an impasse. 

As a point of departure, the issue was based 
upon Article Three of the International Law 
Commission draft, which rather inconclusively 
states the premise as follows: 
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Breadth of the Territorial Sea: : 

L The Commission recognizes that inter- 
national practice is not uniform as regards 
the delimitation of the territorial sea. 
The Commission considers that interna- 
tional law does not permit an extension 
of the territorial sea beyond twelve miles. 

3. The Commission, without taking any 
decision as to the breadth of the terri- 
torial sea up to that limit, notes on the 
one hand, that many States have fixed a 
breadth greater than three miles and on 
the other hand, that many States do not 
recognize such a breadth when that of 
their own territorial sea is less. 

4, The Commission considers that the 
breadth of the territorial sea should be 
fixed by international conference. 

The spirit of the above article seems to 
imply three miles as the conventional breadth 
by the phrase, “. . . many states have fixed a 
breadth greater than three miles . . . .”. Three 
miles, certainly, has been the distance gener- 
ally accepted by those states upholding the 
concept of the freedom of the seas. Con- 
versely, a number of states, including the 
Soviet Union, have set the breadth of their 
territorial seas at twelve miles, claiming it to 
be within the limits of the International Law 
Commission draft. Still other states claimed 
six miles, and a few set the limit at intermedi- 
ate distances of four, five, nine, and ten miles. 
As extreme cases, certain west coast states of 
Latin America have pushed their claims to 200 
miles, largely for the purpose of maintaining 
exclusive fishing rights off the coast for that 
distance. 

As the Conference progressed the possibility 
of agreement on a three-mile territorial sea 
faded and the issue essentially narrowed to a 
serious legal battle between a six-mile and a 
twelve-mile territorial sea. The United States, 
without renouncing its traditional adherence 
to a three-mile sea, did make a proposal in 
order to arrive at an acceptable compromise. 
It called for a six-mile territorial sea and a 
sit-mile contiguous zone for fisheries with his- 
toric rights preserved in the outer six miles. 

ugh this measure appealed to a majority 
of the states represented at the Conference, it 
failed to attain the necessary two-thirds 
majority vote in the final plenary session.‘ 


“a Voting on Article 3: U.S. Proposal: 45 affirmative, 
negative, 7 abstentions. 
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A twelve-mile territorial sea received not 
only the solid support of the Communist Bloc, 
but that of the Arab States plus a few others 
with aspirations for a maximum control of off- 
shore waters. In this connection, the United 
Arab Republic, Saudi Arabia, and Iraq have 
within the past year unilaterally extended 
their territorial seas to a breadth of twelve 
miles. 

In order to appreciate the attitude of the 
United States and that of other states seeking 
to maintain the freedom-of-the-seas concept 
against a policy of expanding offshore sover- 
eignty, it may be well, at this point, to consider 
some of the consequences which would result 
were a twelve-mile territorial sea to become a 
universal reality. If all states were to extend 
their waters to twelve miles, according to one 
estimate, some three million square miles 
would be lost to the regime of the high seas. 
Such an area is equivalent to that of the 
United States. More important, many of the 
world’s strategic straits and narrow passages 
along continental margins and between islands 
in archipelagoes would be converted from 
high seas to territorial seas. 

To illustrate how the breadth of the terri- 
torial sea affects or can affect the passage of 
commercial or military vessels, the following 
water passages are evaluated with respect to 
their minimum widths: 

A. Straits or other narrow water passages 
having a continuous zone of high seas 
extending through them with a six-mile 
but not a twelve-mile territorial sea: 

1. Strait of Dover, between England and 
France. 

2. Strait of Hormuz, entrance to the Per- 
sian Gulf, closing off a high seas 
approach to Iraq, Kuwait, Bahrein, 
Saudi Arabia, and various semi-inde- 
pendent sheikdoms on the Arabian 
Peninsula. 

3. Pohai Strait, entrance to the Gulf of 
Pohai and Liaotung Bay. 

4. Entrance to the Gulf of Bothnia. 

5. Entrance to the Gulf of Finland 
(north of the city of Tallinn). 

6. Aegean Sea as far northeast as the 
approaches to the Straits (Dardan- 
elles). 

7. Passage between the Ligurian Sea 
and the Tyrrhenian Sea, separating 
Italy from Corsica. 
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8. Bering Strait, between Big Diomede 
Island and Siberia and also between 
Little Diomede Island and Alaska. 

9. Passages in the chain of Indonesian 
islands from Sumatra to Timor—a 
distance of 2500 miles. 

B. Straits or other narrow water passages 
having a continuous zone of high seas 
extending through them with a three- 
mile but not a six-mile territorial sea: 

1. Straits of Malacca, between Malaya 
and the Indonesian island of Sumatra. 

2. Strait of Gibraltar, between Spain and 
Morocco. 

3. Straits of Bab-al-Mandeb, entrance to 
the Red Sea, closing off a high seas 
approach to Israel, United Arab 
Republic, Jordan, Sudan, Ethiopia, 
Yemen, Saudi Arabia, and also the 
southern entrance of the Suez Canal 
and the mouth of the Gulf of Aqaba. 

’ 4, Gulf of Honduras, between Honduras 
and British Honduras in the approach 
to the east coast of Guatemala. 

5. Entrance to Brunei Bay on the north- 
ern coast of Borneo. 

6. Tsugara Kaikyo, between Hokkaido 
and Honshu in Japan. 

C. Special case of the Gulf of Aqaba: 

The Gulf of Aqaba has an entrance too 

constricted to allow penetration by a 

zone of high seas even with a territorial 

sea of three miles, but one of twelve 
miles would eliminate any high seas 
whatsoever within the gulf. 

In view of the right of innocent passage 
through the territorial sea an extension of sov- 
ereignty over restricted seaways as just out- 
lined would probably not markedly affect 
world commerce during times of peaceful rela- 
tions. Nor would naval maneuvers entailing 
passage through territorial waters necessarily 
be prevented under such circumstances. In 
the face of international stress, however, the 
Western World could lose much. For exam- 
ple, U.S. warships steaming to quell trouble in 
a localized flare-up of hostilities might be sub- 
jected to additional travel time—as much as 
two or three days—to avoid penetrating the 
territorial sea of a non-belligerent state. Even 
hours can count heavily in critical incidents. 
Or there might be attempts to close off an 
area completely by the elimination of high 
seas through straits or narrow seas. It is prob- 
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able that during a period of world tension the 
right of innocent passage would be regarded 
by a neutral state as posing a threat to secur. 
ity, and as a result be denied. 

Thus, the spaciousness of the world’s oceans 
would not prove sufficient to absorb without 
jeopardy to shipping and security the addi. 
tional area necessary to comprise a twelve-mile 
territorial sea. Nine miles—the difference 
between a three-mile and a twelve-mile outer 
limit to the territorial sea—out on the open 
ocean may mean only some fifteen or twenty 
minutes sailing time to the captain of a great 
liner, but the same distance near the entrance 
of a partially enclosed body of water or near 
the approach to a port area may be the dif- 
ference between accessibility and a legal 
barricade. 

Unlike ships that ply the seas, aircraft have 
no “right of innocent passage” over territorial 
waters. International airways with their 
technical requirements involving navigational 
facilities must in all cases conform to the 
sovereign pattern of land and water over- 
flown; only the high seas remain free of 
restrictions. Each air mile denied to commer- 
cial aircraft, as by greater breadth of the ter- 
ritorial sea, offsets just that much the great 
advances made by the aeronautical industry. 
Planes of one state may fly over the territorial 
sea of another state only by bi-lateral or multi- 
lateral agreement, and such accord is by no 
means assured in the present-day world. For 
example, under conditions of a twelve-mile 
territorial sea no high seas would exist in 
the Strait of Dover lying between France 
and England; there might be some question 
whether an aircraft could fly through it with- 
out agreement between one or the other of 
these states and the state represented by the 
flag of the aircraft. 

Further, a broad territorial sea places heavy 
responsibilities on any state with a coastline 
of appreciable extent. In order to maintain 
proper sovereign control territorial waters 
must be provided with a patrol and costly 
navigational facilities. The United States with 
4,883 miles of coastline (excluding Alaska) 
plus offshore islands presently has approx 
mately 18,300 square miles of territorial 
waters.> A twelve-mile territorial sea would 


5 All distances and areas cited in this article relating 
to the measurement of the territorial sea are in nautt- 
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increase the area almost fourfold, comprising 
a water orth with nearly the area of the state 
of Oregon. It is estimated that proper control 
of this additional water surface would cost 
$8,000,000 per 100 miles of coastline per year. 
If the coast of Alaska, with its 6,640 miles of 
coast, were considered the cost would be 
au ented. 

Pray extension of the breadth of the terri 
torial sea would not affect a state’s right to 
exploit mineral resources in the subsoil, as that 
right is already established in connection with 
the continental shelf. But fishing interests may 
become involved, either directly or indirectly, 
with the issue of the territorial sea. A state, 
quite obviously, has exclusive fishing rights in 
its own territorial waters, while in the high 
seas beyond there are no restrictions as to who 
may fish. By expanding the territorial sea, 
therefore, it is possible for a state to insure 
itself a greater fishing ground. Or establish- 
ing a contiguous zone beyond the territorial 
sea could accomplish the same purpose. The 
opportunity to maintain control over fisheries 
off their own coasts appealed to certain states, 
leading them to favor a twelve-mile territorial 
sea, notwithstanding that fact that their own 
fishing craft would in turn be excluded from 
similar waters off the coasts of other states. 
Likewise, proposals were put forth to establish 
a fishing zone contiguous to the territorial sea. 
Canada, for example, introduced at one point 
an amendment whereby the three-mile terri- 
torial sea would be retained but an additional 
nine-mile contiguous zone would be recog- 
nized over which there would be exclusive 
fishing rights. 

In the absence of any agreement on the 
breadth of the territorial sea previous concepts 
must remain in practice. One hazard faced by 
states favoring limited territorial waters is the 
fact that an ever increasing number of states 
have shown a disposition to act unilaterally. 
In the months immediately prior to the Con- 
ference three States—Indonesia, Saudi Arabia, 
and the United Arab Republic—extended their 
claims unilaterally to twelve miles in anticipa- 
tion of a territorial sea of this breadth becom- 
ing accepted throughout the world. Rumania 

d advanced a similar claim in 1946. Post- 
Conference claims of this nature may also 
Prove to be a danger, even to the extent of a 

reaction whereby one state follows 
another to supposedly protect its interests 
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against the action of a neighboring state. For 
example, Iraq in November 1958 unilaterally 
extended its territorial sea to a breadth of 
twelve miles, following the lead of other Arab 
states. 

The willingness of the United States to com- 
promise with a six-mile limit during the 
Geneva Conference did not represent a depar- 
ture from a firm belief in the traditional three- 
mile policy. Three miles continues to be 
respected, and any greater distance is not 
officially recognized. 


THE BASELINE 


Key to all zonation of water and seabed off 
the coast of a state is the baseline. It forms 
the inner limit of the territorial sea, and from 
it is measured the outer limit. The same base- 
line forms the maximum seaward margin of a 
state’s internal waters, such as bays, inlets, 
estuaries and other bodies of water associated 
with the shoreline. In addition, as will be seen 
later in this paper, the baseline serves indi- 
rectly as a point of departure for determining 
both the inner and outer limits of the con- 
tiguous zone and the inner limits of the 
continental shelf and the high seas. 

The specific placement of a baseline, there- 
fore, is fundamental in ascertaining just how 
far seaward a state may exercise any given 
form of jurisdiction, whether it be complete 
sovereignty or only exercise of control to pre- 
vent infringement of regulations over such 
matters as customs, immigration, and sanita- 
tion. Irregularity of a coastline, including 
accentuated concavities, convexities, and off- 
shore features may make the establishment of 
a satisfactory baseline anything but simple. In 
order to measure offshore waters in coastal 
areas of great complexity, the Convention on 
the Territorial Sea and the Contiguous Zone 
under certain circumstances makes provision 
to eliminate the necessity of following the 
sinuosities of the shoreline itself. To effect 
such a simplification arbitrary lines, known as 
straight baselines, may be drawn from head- 
land to headland, from island to island, or 
follow the seaward fringe of a combination of 
headlands and islands. 

The basic rules for determining a baseline, 
along with some of the variables involved, are 
reviewed in the following paragraphs. None- 
theless, it must be realized that any given 
situation may, despite formulae, be sufficiently 


nthe 
-eans 
hout 
addi 
wad 
‘ence 
open 
venty 
great 
‘ance 
near 
have 
‘orial 
ional 
over- 
e of 4 
> ter- 
great 
‘orial 
y no 
For 
st in 
ance 
stion 
or of 
y the 
eavy 
stline » 
ntain 
aters 
with 
ska ) 
rOXi- 
ould 
lating 
nauti- 


6 G. Erze. Pearcy March 


complex to create perplexing problems. An 
article in a legal document, consisting at most 
of a few dozen words, can hardly be expected 
to cover the variations found in the configura- 
tions of thousands of miles of coastlines 
throughout the world. Usually the hand of an 
expert is required to draw an equitable base- 
line which can stand up under prejudiced 
attacks. A state with strong territorial ambi- 
tions would probably seek to incorporate the 
greatest possible surface of the sea under its 
jurisdiction, taking advantage of complicated 
coastal structures to edge the baseline sea- 
ward. 

Article 3 of the new Convention on the Ter- 
ritorial Sea and the Contiguous Zone states: 

Except where otherwise provided in these articles, 

the normal baseline for measuring the breadth of 

the territorial sea is the low-water line along the 

coast as marked on large-scale charts officially rec- 

ognized by the coastal State. 
Since the world’s coasts as yet are imperfectly 
charted the provisions of the Article may 
not in all cases prove feasible to execute as 
promptly as would seem desirable. In many in- 
stances officially recognized large-scale charts 
of a coast show the high-water rather than the 
low-water line; or the best available charts 
may already be obsolete. Until such time as 
hydrographic mapping is everywhere stand- 
ardized along modern lines there unfortun- 
ately remains little choice other than to utilize 
the best existing charts, irrespective of their 
shortcomings. 

In the Law of the Sea Conference there was 
some debate over the merits of a low-water 
versus a high-water baseline. However, the 
greater amount of evidence was piled up in 
favor of the former and the experts support 
this concept. In the science of hydrography 
as many as six water lines may be recognized, 
ranging from high high water to low low 
water. In some areas of the world, as Great 
Britain and the Pacific Coast of the United 
States where the progression of tides tends to 
be complex, low low water is indicated on the 
hydrographic charts. In other areas, includ- 
ing the Atlantic and Gulf coasts of the United 
States, mean low water is the criterion for 
recording soundings. 

Vertical and horizontal differences between 
mean low water and mean high water vary 


6 In Great Britain the low low water line is identi- 
fied as isobath zero. 


with geographical position, depending upon 
the configuration of the coast and the latitude 
An example of extreme vertical variation in 
the United States is found at West Quoddy 
Head along the northern coast of Maine when 
mean high water is 15.70 feet above mean low 
water! Here the coast is irregular and rocky, 
contributing to the “piling up” of waters at the 
time of high tide. Along the smooth Atlantic 
shoreline south of New York City vertical vari. 
ation is never great, not exceeding a foot anda 
half or two feet in places along the Florida 
coast. The forces which cause extreme vertical 
variation between high and low tides work 
against horizontal variation; sharply contoured 
coastlines, as along the “rock-bound coast of 
Maine,” limit any extension of tidal movement 
across the shore zone itself. Or stated more 
briefly, when slopes are steep tides tend to be 
high. 

Horizontal variation of consequence between 
low- and high-water lines tends to be confined 
to gently sloping beaches, at most reaching 
about 100 feet, as in southern England. Thirty 
feet typifies the smooth shoreline of New Jer- 
sey, while southward along the Atlantic Coast 
it may be restricted to one half that figure or 
less. Whether or not a high-water or a low- 
water level is accepted as the baseline would 
normally mean but little in the actual offshore 
area which can be measured and claimed as 
the territorial sea. 

The basic reason for recognizing low-water 
rather than high-water lines as the datum on 
hydrographic charts as a plane of reference for 
designating soundings is to provide a margin 
of safety for shipping. Thus, a ship drawing, 
say, 24 feet of water, may safely proceed 
under normal weather conditions through 
water with soundings of 24 feet (six fathoms) 
or more regardless of whether the tide is in or 
out. Moreover, it can be assumed that the 
baseline corresponds to the low level datum 
of the chart, giving to the coastal state the 
right to measure the breadth of the territorial 
sea from the outermost land which is above 
water at low tide. 

Indentations and breaks in the coast require 
special dispensation in the determination of a 
baseline. An arbitrary line of closure is not 
mally drawn to extend between the natural 
entrances to bays, or mouths of rivers, separat- 
ing inland waters from the territorial sea. In 
the case of rivers (except for estuaries ) empty- 
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INDENTATION 


Semi-circle larger 
than water area. 


Fic. 1. 


Figure a 


An indentation in a coastline qualifies as a 


CLOSURE 


Semi-circle smaller 
than water area. 


Figure b 


bay only if a line closing its entrance serves as the 


diameter of a semi-circle smaller than the area of water enclosed. Of the two diagrams above only the one on 


the right may legally be considered as illustrating a bay. 


ing into the sea the problem is seldom complex. 
But bays must be distinguished from simple 
coastal indentations. In words of Article 7 in 
the Convention on the Territorial Sea and the 
Contiguous Zone, 

... a bay is a well-marked indentation whose pene- 

tration is in such proportion to the width of its 

mouth as to contain landlocked waters and consti- 
tute more than a mere curvature of the coast. An 
indentation shall not, however, be regarded as a bay 
unless its area is as large as, or larger than, that 
of the semi-circle whose diameter is a line drawn 
across the mouth of that indentation. 

The difference between a bay and a “mere 

curvature of the coast” is illustrated in Figures 

la and 1b. 

A further provision in the Article limits the 
mouth of a bay to a maximum width of 
twenty-four miles, regardless of how much 
water may be enclosed by a straight line 
extending between the natural entrances of 
the indentation. However, a multi-mouthed 
entrance occasioned by the presence of islands, 


is measured over water distances only, and 
may extend up to a total of twenty-four miles, 
as shown in Figure 2. Where the natural 
entrances of a bay are more than twenty-four 
miles one from the other, “. . . a straight base- 
line of twenty-four miles shall be drawn within 
the bay in such a manner as to enclose the 
maximum area of water that is possible with a 
line of that length.” Figure 3 illustrates this 
particular type of situation. 

Cape Cod Bay in Massachusetts serves as an 
excellent example of a coastal indentation sat- 
isfying the legal requirements for a bay; its 
mouth is 15.3 miles wide and the interior sur- 
face area of water exceeds that of a semi-circle 
with a like diameter. In contrast, Santa Monica 
Bay on the west coast of California is geo- 
metrically somewhat less than a semi-circle. 
The keys along the southern coast of Florida 
opposite and south of Miami give Biscayne 
Bay a number of mouths and account for its 
status as a body of internal water. Without 


: 


ENTRANCE 


Closure 


Fic. 2. The closing line of a bay with a multi- 
mouthed entrance may have a maximum length of 24 
miles, water measurements only. Individual segments 
must be straight lines. 


these keys it would be little more than an 
elongated, irregular indentation in the coast. 
An estuary, which essentially is no more 
than a wide river mouth subject to tidal action, 
qualifies as a bay in legal application of a base- 
line. A classic example of an estuary is that of 
the Rio de la Plata on the east coast of South 
America, though its legal status is complicated 
by Argentina’s occupying one shore and Uru- 
guay the other. More clear-cut examples are 
the Bristol Channel on the west coast of Great 
Britain and the entrance to the St. Lawrence 
River in eastern Canada. It may be difficult in 
some instances to distinguish between a bay 
and an estuary, as when a river empties into a 
partially enclosed coastal indentation. An 
Article concerning estuaries was approved by 
Committee I action at the Law of the Sea 
Conference, but failed to gain the necessary 
majority in the final Convention. Thus, estu- 
aries must legally qualify as bays. 
Irregularity of the coastal contour may be 
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24 MILES 


Fic. 3. A straight line 24 miles in length is the 
maximum permitted to close a bay. In event of a 
mouth exceeding that distance, a closure of 24 miles 
is applied within the bay in such a way as to encom- 
pass the greatest possible area of water. 


augmented by fringing islands. First of all, 
the definition of an island needs legal clarifi- 
cation. Webster states an island to be “a tract 
of land usually of moderate extent, which is 
surrounded by water.” What of such a tract 
exposed at low tide but covered at high tide? 
Or a tract separated from the mainland only 
by a narrow channel? Such problems have 
existed as a plague to international law; it has 
not been unusual for different countries to 
define islands differently. However, Article 10 
of the Convention on the Territorial Sea and 
the Contiguous Zone limits islands to “. . . a 
naturally-formed area of land surrounded by 
water, which is above water at high tide. 
Areas of land above water at low tide but cov- 
ered at high tide are collectively classed as 
low-tide elevations. Previous to the Law of 
the Sea Conference such areas were legally 
defined as drying rocks, reefs, and shoals. _ 

Islands are entitled to territorial seas of their 
own, hence in theory have baselines along 
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; as have continents. It becomes 
ran. that an island, or islands, off 
the coast of a state, and of the same sover- 
eignty, give that state an area of territorial sea 
in excess of what it would otherwise have. 
Following are examples of the manner in 
which this concept may apply: 

L. The territorial sea of mainland and island 
may overlap, as in the case of the Isle of 
Wight off the southern coast of England. 

2. The territorial sea of mainland and island, 
if sufficiently distant one from the other, 
will form two non-contiguous areas of 
territorial water. The French island of 
Corsica in the Mediterranean has a terri- 
torial sea separated from that of France. 

3. The territorial seas of two or more islands 
may overlap one with another and also 
with the territorial sea of the mainland 
(unless extended seaward by the pres- 
ence of a series of straight baselines). 
The Island of Skye and some neighbor- 
ing islands have a common territorial sea 
which coalesces with that of the insular 
mainland of Great Britain (Scotland). 

4. Islands of an archipelago have their own 
territorial seas, which may or may not 
overlap. For example, the 7,100 islands 
of the Philippines have territorial seas 
which for the most part merge into each 
other. But in a number of instances indi- 
vidual islands have territorial seas not 
contiguous to those of any other islands. 

Low-tide elevations, if they occur within the 
territorial sea of a state, may likewise extend 
the breadth of the territorial sea of the state. 
They do not, however, have territorial seas of 
their own. Figure 4 illustrates the effect of 
islands and low-tide elevations on the breadth 
of the territorial sea as well as the contrast 
between the way the two may be measured. 

Islands close to the shore may create some 
unique problems. They may be near, separ- 
ated from the mainland by so little water that 
for all practical purposes the coast of the 
island is identified as that of the mainland. 
One example is Bubiyan in the Persian Gulf 
off the shore of Kuwait; another is Tierra del 
Fuego on the southern tip of the continent of 
South America. What, then, is the criterion for 
determining whether an island is to be consid- 
ered as offshore or as part of the mainland? In 
the delineation of baselines as well as the con- 
struction of certain median-line boundaries, it 


ISLANDS AND 


LOW TIDE ELEVATIONS 
EFFECT ON 
THE TERRITORIAL SEA 


LOW TIDE 
ELEVATIONS 


TERRITORIAL 


Fic. 4. Islands (surrounded by water at high 
tide) and low tide elevations (surrounded by water at 
low but not at high tide) affect the measurement of 
the territorial sea in different ways. The former have 
their own territorial seas; the latter only extend the 
territorial sea should they be within the territorial 
seas of the mainland or islands. 


is necessary to make such a distinction. The 
late Dr. S. W. Boggs advocated a principle to 
determine whether or not an island was to be 
associated with the mainland: Briefly, if the 
area of the water surface between the island 
and the mainland is less than the area of the 
island itself, then the island is to be regarded 
as if it were a part of the mainland. Unfortun- 
ately, neither this principle nor any other has 
been legally adopted, although the issue is by- 
passed in instances where the straight baseline 
is used. In general, baseline problems involv- 
ing islands closely offshore must be worked 
out independently from objective guidance 
through international law. 

Many of the world’s coastlines are highly 
sinuous, jagged with indentations and fringed 
with islands and islets. Probably the three best 
known examples are the fjorded coast of Nor- 
way, the southeast coast of Alaska associated 
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The STRAIGHT BASELINE 


STRAIGHT BASELINES 


—— Conventional 
Vigistion 


Fic. 5. Irregular coastlines or those fringed with islands may have a straight baseline as the basis from 
which to measure the territorial sea, but it cannot depart appreciably from the general direction of the coast 


itself. 


with the “Inland Passage,” and the southern 
coast of Chile where the Andes are partially 
submerged beneath the surface of the sea. Use 
of the low-water line along such a fractured 
coast to measure the breadth of the territorial 
sea, though not impossible, is exceedingly dif- 
ficult and fraught with problems capable of 
perplexing lawyers and cartographers alike. In 
addition, a state can with some logic justify as 
internal waters those offshore sea areas lying 
within a labyrinth of islands and coastal head- 
lands. It is in such instances that the straight 
baseline may be applied. 

The first two paragraphs of Article 4 in the 
Convention on the Territorial Sea and the 
Contiguous Zone sets forth the circumstances 
under which the straight baseline principle 
may be practiced: 

1. In localities where the coast line is deeply 
indented and cut into, or if there is a fringe 
of islands along the coast in its immediate 
vicinity, the method of straight baselines join- 
ing appropriate points may be employed in 
drawing the baseline from which the breadth of 
the territorial sea is measured. 

2. The drawing of such baselines must not depart 
to any appreciable extent from the general 
direction of the coast, and the sea areas lying 
within the lines must be sufficiently closely 
linked to the land domain to be subject to the 
régime of internal waters. 


As passed in Committee I, before the final vote 


in the plenary session, a maximum limit of 
twenty-four miles was placed upon individual 
segments of the straight baseline. This restric- 
tion, had it survived, would have prevented 
the straight baseline from making widespread 
departures from the coast or fringing islands. 
But the present wording lends itself to a less 
conservative interpretation of the principle of 
straight baseline usage. For example, isolated 
offshore islands at some distance from the 
coast should not be tied in to straight baseline 
segments, nor should extensive concavities in 
coastal configuration be allowed to form large 
areas of inland seas. Such theoretical viola- 
tions are illustrated in Figure 5. States desir- 
ing a maximum control over offshore waters 
may conceivably utilize variations of the 
straight baseline principle in order to gain for 
themselves more internal waters and at the 
same time push seaward the outer limit of the 
territorial sea. 

The great complexities of the coast of Nor- 
way led to the now famous Norwegian Fish- 
eries Case whereby in 1951 the principle of 
the straight baseline was legally sanctioned in 
international law.’ The United Kingdom had 


7 In 1951 ruling of the International Court of Jus- 
tice in the Fisheries Case (United Kingdom 
Norway), I.C.J. Reports, December 18, 1951. 
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challenged the validity of a decree by Norway 


to draw a baseline along the outermost projec- 
tions of the tens of thousands of islands and 
exposed rocks fringing the northern part of its 
coast in order to extend seaward exclusive 
fishing rights. Settlement of the case, in favor 
of Norway, consumed the time of more than a 
score of experts who for nearly three years 
wrested with historical documents, charts, and 
cartographic instruments. Forty-seven straight 
baseline segments, touching 48 base points, 
extend along the Norwegian littoral. Of the 
latter, 47 are on islands or low-tide elevations 
and only one is on the mainland of Norway 
itself. In length the individual straight base- 
line segments vary from only 100 yards to a 
maximum of 44 miles. At one point the base- 
line lies fifteen and one-half miles distant from 
the nearest land and at another point it lies 
eighteen miles distant from the mainland. Such 
divergences of the baseline from coastal fea- 
tures created some controversy in light of the 
principle that a baseline must not depart 
appreciably from the general direction of the 
coastline. 

Few coasts are as irregular and isle-studded 
as that of Norway; nevertheless, there are 
other states with a straight baseline potential 
for limited portions of their coastlines. Alaska 
and Chile have already been mentioned; other 
examples might include the southwest and 
southeast coasts of Greenland, along the 
mouths of the Ganges in India and Pakistan, 
and parts of the Maine Coast in eastern United 
States. 

Iceland has made use of the straight base- 
line principle by applying it as the point of 
departure in declaring unilaterally a twelve- 
mile zone of exclusive fishing rights off the 
coast. Recently the Chinese Communists have 
claimed a twelve-mile territorial sea extending 
seaward from an exaggerated series of straight 
baselines drawn from points on the outermost 
islands off the coast. 


THE CONTINENTAL SHELF 


Continental shelf, though a physical term 
long recognized by geographers, geologists, 
and oceanographers, has come to gain strong 
legal significance in Law of the Sea matters. 
At the Geneva Conference it was associated 
with a rather indefinite offshore area beyond 
the outer limit of the territorial sea. Never- 
theless, the actual physical description of the 
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continental shelf should be one of the motivat- 
ing factors in the formulation of legal text 
pertaining to the offshore area in question. 
The following paragraphs provide a broad 
survey of the physical characteristics of the 
ocean floor and relate them to the articles of 
the Convention of the Continental Shelf and 
other pertinent documents of international 
law. 

The continental shelf can be defined as the 
zone of relatively shallow water around any 
continent, extending from the low-water line 
to the depth at which there is a marked steep- 
ening of slope to greater depth.* The average 
slope on the shelf is extremely gentle, averag- 
ing less than two-tenths of one percent—even 
without a water cover it would not be percep- 
tible to the human eye. Seaward from its outer 
margin the slope normally increases to between 
three and a half and six percent. The physical 
extent of the continental shelf, then, can in a 
general way be discerned from a plotted pro- 
file of the submarine surface as illustrated in 
Figure 6. In distance from the coast, however, 
this outer edge may vary markedly from place 
to place. Also, irregular submarine topography 
may disrupt the symmetry of a normal shelf 
profile. For example, seaward from the north- 
ern part of the coast of Washington the con- 
tinental shelf is broken by underwater depres- 
sions of 100 fathom depths or more. 

Most charts give ocean depths either in 
meters or fathoms, but feet may at times be 
used at large scales to more precisely show 
detail in shallow water. The seaward margin 
of the continental shelf is commonly cited to 
coincide with a depth of 200 meters, although 
a criterion of 100 fathoms (183 meters) is also 
common. These values tend to be somewhat 
high, since available data give evidence that 
the average depth where the break in slope 
occurs lies somewhere between 60 and 80 
fathoms.® On the other hand the continental 
shelf may descend to depths as great as 550 
meters before reaching a sharp drop-off in the 


8John D. H. Wiseman and Cameron D. Ovey, 
“Definitions of Features on the Deep-Sea Floor,” 
Deep-Sea Research, Vol. 1, No. 1 (October 1953), pp. 
11-16. (Definitions adopted by the International 


Committee on the nomenclature of Ocean Bottom 
Features. ) 

9H. U. Sverdrup, Martin W. Johnson, and Richard 
H. Fleming, The Oceans, Their Physics, Chemistry, 
and General Biology (Prentice-Hall, Inc., 1942), pp. 
20-21. 
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ocean floor, as in the case of the Sahul Shelf 
off western and northwestern Australia.!° 

Despite the lack of any definite criteria 
which may apply to maximum depth, it has 
been estimated by oceanographers that the 
average width of the continental shelf is thirty 
miles, though the maximum range may vary 
from zero to 800 miles. The continental shelf 
on the west coast of the United States (exclud- 
ing Alaska) averages less than 30 miles; the 
east and Gulf coasts more. Northern Chile and 
southern Peru have exceedingly narrow shelves 
with deep ocean floor not far offshore. In 
contrast, broad shallow areas surrounding 
Newfoundland, the British Isles, and central 
and western Indonesian islands comprise 
integral parts of the continental shelves of 
North America, Europe, and Asia, respectively. 
The Persian Gulf nowhere has a depth exceed- 
ing 125 meters. Although legally qualifying as 
a part of the continental shelf the submarine 
profile of this shallow body of water does not 
endow it with normal physical characteristics 
—the drop-off to depths greater than 100 
fathoms are outside the Strait of Hormuz, 
entrance to the Gulf. 

The majority of known resources exploited 
from the sea come from the subsoil of the 


10R. W. Fairbridge, “The Sahul Shelf, Northern 
Australia,” Journal of the Royal Society, Western Aus- 
tralia, Vol. XXXVII (1953), pp. 1-331. 


Fic. 6. The continental shelf by geographic definition coincides with the shallow offshore waters of conti- 
nents and islands, normally those not exceeding 200 meters in depth. 


continental shelf or the water over it. Many 
of the world’s more productive fishing areas 
coincide with the relatively shallow shelf 
waters where plankton is a source of nourish- 
ment for under-sea life. The Grand Bank off 
the south and east coasts of Newfoundland 
comprises one such marine area renowned for 
its fisheries. 

Offshore deposits of petroleum are becom- 
ing better known, and already it is possible to 
sink wells in the sea up to depths of approxi- 
mately 50 feet (15 meters). From an anchored 
ship test drilling has been carried on at a 
depth of 400 feet (122 meters), while it is 
soon expected that wells in 600 feet (183 
meters ) of water will be practical. Oil geolo- 
gists voice optimism over much greater depths 
in submarine drilling for the future. Potential 
areas of seabed exploitation of petroleum in 
the world are many, though at the moment 
significant operations are limited to the coasts 
of California, Texas, and Louisiana, and to 
the Persian Gulf. 

While a coastal state has complete jurisdic- 
tion of all resources within its territorial sea, 
its rights on the continental shelf are limited. 
It can exploit exclusively only those resources 
which are directly associated with the seabed 
and its subsoil. Petroleum would obviously 
fall into this category, as would other minerals. 
But mobile life in the sea—specifically the 
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“wimming fish”—are resources of the high 
seas which are not under control or jurisdic- 
tion of the coastal state. However, not all fish 
“wim” and sea life in constant physical con- 
tact with the floor of the ocean is considered, 
like minerals, to be a resource of the continen- 
tal shelf and subject to exploitation only by the 
coastal state. The problems arising out of this 
apparently simple division of resources are by 
no means easy to resolve; they occupied much 
of the attention of the delegates attending the 
Conference. For example, even the definition 
of the continental shelf itself markedly affects 
the resources which might be available to any 
given coastal state. Any extension of the 
breadth of the territorial sea would automati- 
cally enlarge the area over which fishing rights 
would obtain on the part of the coastal state. 
Conversely, a smaller territorial sea would 
augment the area in which the same coastal 
state could fish off the coasts of other states. 
On the other hand rights to exploit offshore 
mineral resources in the seabed of the conti- 
nental shelf are the same as in the territorial 


sea. 
Committee IV worked on the various legal 
aspects of the continental shelf, though obvi- 


ously a number of the problems involved over- 
lapped with the work of the other committees. 
The problems were largely limited to: 

1, Extent of the continental shelf. 

2. Right to exploit natural resources (sub- 
ject to definition of natural resources ). 

3. High seas character of continental shelf 
waters and the air space above. 

4. Interference with legitimate rights over 
the shelf, e.g., laying of submarine cables, 
oceanographic research, tunneling. 

5. Determination of boundaries between 
states over the continental shelf. 

During the proceedings of Committee IV it 
became evident that there were differences 
among the states as to the definition of the 
continental shelf for purposes of international 
law and its interpretation. In seeking to settle 
this most basic of continental shelf problems— 
its identity—the physical characteristics of the 
floor of the sea were taken into account. Some 
of the states endeavored to define the “legal 
edge” of the shelf as coinciding with a depth 
of 200 meters. Such a limitation would have 
had the advantage of precise delineation; any 
given point in the sea could have been proved 
as belonging or not belonging to the continen- 
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tal shelf—determinable on an official hydro- 
graphic chart, or, if necessary, by an on-the- 
spot sounding. 

Not only drilling for oil, but also exploita- 
tion of other types of minerals on the floor of 
the sea is going through revolutionary stages 
of technology. It is highly probable that off- 
shore resources can to a point be developed at 
ever greater depths. In light of such progress 
some states favored a continental shelf less 
limited in depth, and selected 550 rather than 
200 meters as the maximum submarine contour 
to define the outer edge. The United King- 
dom, the Netherlands, Sweden, and India 
combined efforts to propose this intermediate 
position between a conventional 200 meters 
on the one hand and lack of any measureable 
limit whatsoever on the other. An ocean depth 
of 550 meters is the greatest for which actual 
physical examples of a continental shelf exist 
and would presumably allow for unlimited 
exploitation in the foreseeable future. The 
relatively abrupt steepening of the slope of 
the ocean floor beyond a depth of 200 meters 
would have prevented large areas of ocean 
surface from being added to continental shelf 
waters by legally shifting the outer edge to 
higher submarine contour values. For exam- 
ple, it has been estimated that 7.6 percent of 
the ocean surface of the world has a depth of 
200 meters or less, but to double this surface 
area would require at least an eightfold 
increase in depth (to 1,600 meters or more). 

Still another group of states, including the 
United States, wished to see no definite limit 
placed on that seabed area adjacent to the 
coast which might be exploited exclusively by 
the coastal state. This particular interpreta- 
tion of the continental shelf was the one in the 
1956 draft of the International Law Commis- 
sion’s article, and it was the one obtaining the 
majority vote at Geneva. Accordingly, the 
first article of the new Convention on the 
continental shelf reflects the broad approach 
as to extent: 

For the purposes of these articles, the term “con- 
tinental shelf” is used as referring (a) to the sea- 
bed and subsoil of the submarine areas adjacent to 
the coast but outside the area of the territorial sea, 
to a depth of 200 meters or, beyond that limit, to 
where the depth of the superjacent waters admit 
of the exploitation of the natural resources of the 


said area; (b) to the seabed and subsoil of similar 
submarine areas adjacent to the coasts of islands.11 


11 As adopted April 26, 1958. United Nations 
Document A/CONF. 13/L.55. 
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The article has the advantage of not in any 
way hampering a state’s ability to exploit 
resources off its own coast in deep and ever 
deeper water regardless of distance from the 
coast. It is also worthy of notice that the new 
article concedes to islands the same status as 
the mainland with regard to the continental 
shelf. Thus, a state which is composed of 
one or more islands can claim exclusive rights 
to exploit the seabed and subsoil of its own 
shelf. This concept, absent from the ILC draft, 
was proposed by the Philippines as an amend- 
ment and successfully received the necessary 
two-thirds majority vote in the Plenary Ses- 
sion. The entire archipelago is thereby assured 
control of resources in the waters surrounding 
even the most remote island. The same prin- 
ciple would obviously apply to island depen- 
dencies, large or small, even though they be 
far removed from the home state. France can 
rightly support claim for a continental shelf 
around the islands of Madagascar and Réunion 
in the Indian Ocean, not to mention a small 
segment of the Grand Bank south of New- 
foundland based upon the French Overseas 
Territory of St. Pierre and Miquelon, made up 
of eight little islands in this part of the Atlan- 
tic. 

Air space, as in the case of the water above 
the continental shelf, is free from the exclusive 
control of any coastal state, for no restrictions 
may be placed upon foreign aircraft, either 
commercial or military, flying overhead. In 
this respect the air space above the surface is 
equivalent to the regime of the high seas. In 
a like manner submarine cables or pipelines 
may be laid across the continental shelf with- 
out unreasonable interference by the coastal 
state utilizing the shelf. Frequently cables 
over the shelf are broken and destroyed by 
fishing vessels, but no question of sovereignty 
is involved in any resulting claims or settle- 
ments. Still another right given to all states is 
that of carrying on oceanographic or other 
scientific research. It is interesting to note, 
however, that Committee IV proceedings 
entailed much discussion as to how such 
investigation might be controlled. In response 
to the more skeptical delegates certain restric- 
tions were written into the Convention, includ- 
ing one which makes it mandatory for research 
to be carried on only with the consent of the 
coastal state concerned. 


It has already been implied that the legal 
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definition of the continental shelf makes 
precise delineation of the outer edge of it an 
impossibility. Likewise, determination of any 
jurisdictional boundaries separating the conti. 
nental shelf between adjoining or opposite 
states becomes more difficult as distance from 
the coast increases. These and other boundary 
problems become more apparent as they are 
discussed in the next section of this paper. 


OFFSHORE BOUNDARY (THE MEDIAN LINE) 


International boundaries delimiting sover. 
eignty on land must extend seaward into off. 
shore waters in order to allot to each coastal 
state those segments of the ocean and its sea- 
bed over which it has jurisdiction or enjoys 
some measure of control. Marginal to the 
physical coast of the state itself may be found 
as many as five distinct zones of the sea and/or 
its subsoil which entail varying degrees of 
rights from the standpoint of (1) the coastal 
state and (2) any other state. Before distin- 
guishing types of offshore boundaries and 
discussing their characteristics it becomes 
necessary to review these zones and under- 
stand how they form a legal pattern superim- 
posed over the oceans. They are listed in sea- 
ward progression and each briefly defined. 
Internal Waters: 

Waters along a coast inside the baseline 

used for measuring the breadth of the terri- 

torial sea. Water areas in bays and estuaries 

as well as those inside straight baselines 

comprise internal waters. Sovereignty over 

such waters is identical to the land area of 

the coastal state along which they lie. 
Territorial Sea: 

A zone of water off the coast of a state, the 

width of which according to U.S. policy and 

tradition has long been three miles. Com- 
plete sovereignty is maintained over the 
territorial sea by the coastal state, but with 
the right of innocent passage to ships of 
other states as stated in Article 14 of the 
Convention on the Territorial Sea and the 
Contiguous Zone. 


Contiguous Zone: 


A zone of water outside, or beyond, the ter- 
ritorial sea in which the coastal state may 
exercise controls such as those over customs 
and sanitation. The contiguous zone % 
measured from the same baseline as the ter- 
ritorial sea, and may extend no more than 
twelve miles from it. Thus, assuming 4 
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three-mile territorial sea, the maximum 
width of the zone is nine miles. 


inental Shelf: 
yo ose area beyond the outer limits of 
the territorial sea, as discussed at length in 
the preceding section of this paper, which 


coastal state for mineral and certain other 
resources. Waters of the contiguous zone 
may lie over the inner part of the continen- 
tal shelf. In the Conventions drawn up at 
Geneva no provisions were made to dis- 
tinguish in any way between waters of the 
contiguous zone and those over the conti- 


may be exploited exclusively by the adjacent 
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onl? 
POSSIBLE EDGE of 


HIGH SEAS 


Fic. 7a. Concepts of five distinct zones of water attendant to shorelines are illustrated. Note that in some 
instances the zones overlap. 


PROFILE of OFFSHORE BOUNDARY 


LEGAL PLACEMENT OF MEDIAN-LINE BOUNDARIES 
BETWEEN ADJACENT STATES 


LAND 


OUTER LIMIT OF 
TERRITORIAL SEA SURFACE OF OCEAN 


BASELINE AT COAST fi 


(SEA BED) 


Water below heavy line; : Under sovereignty of coastal state 
Water above heavy line; : High seas (may include contiguous zone) 


; Fic. 7b. The status of the waters superjacent to the continental shelf outside the territorial sea is not 
identical with that of the shelf. When compared to Figure 7a this diagram represents a “third dimension” in 
control of offshore water. 
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nental shelf. However, there are no conflicts 

in claims because of this duplicate legal 
zonation: the rights of the coastal state 
apply to the water in the case of the con- 
tiguous zone; to the seabed in the case of 
the continental shelf.!* 

High Seas: 

All water beyond the outer limit of the terri- 

torial sea. Here are the vast ocean areas of 

the world subject to the freedom of the seas 

—surface navigation, aerial navigation, fish- 

ing, laying of cables, and laying of pipelines 

to name the more important. The high seas 
are in part co-extensive with the waters of 
the contiguous zone and those over the con- 
tinental shelf. Freedom of the seas as it 
applies over the high seas does not invali- 
date the rights of the coastal state in waters 
of the contiguous zone or in the seabed of 
the continental shelf. 
The five types of offshore zones defined above, 
together with the way in which they may over- 
lap in their surface pattern, are illustrated in 
Figure 7a. A profile version of offshore sov- 
ereignty, distinguishing water from seabed, is 
given in Figure 7b. 

International boundaries to distinguish off- 
shore sovereignty and rights are limited to 
those extending through the territorial sea and 
over the continental shelf. In internal waters 
any international boundaries are integral parts 
of those of the adjoining land area, hence not 
definable as offshore. Boundaries through the 
waters of the contiguous zone are cartograph- 
ically identical with those over the inner part 
of the continental shelf (seabed), so do not 
have to be considered separately. In relatively 
rare instances where the contiguous zone may 
extend seaward beyond the continental shelf 
as it is legally defined, it would be necessary 
to consider a boundary projected through that 
part of the sea. In the high seas area beyond 
the outer reaches of the continental shelf no 
boundaries or jurisdictional limits of any type 
exist or need to exist. Nevertheless, the sea- 
ward segments of boundaries over the conti- 
nental shelf might well extend indefinitely 


12 Offshore boundaries denoting jurisdiction of the 
seabed of the continental shelf are drawn similarly to 
those denoting jurisdiction of the water area above the 
seabed. Vertical differences of the two types of 
boundaries cannot easily be shown by symbol, though 
Figure 7b illustrates the third dimension through the 
use of a profile. 
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into areas of the ocean bed because of the 
vague identification of the shelf itself. 

The median line is the expression of a defi. 
nite boundary in that it always has a measy. 
able basis for construction and has proved ty 
be the best solution for delimiting water areas 
comprising the territorial sea and for delimit. 
ing the continental shelf. In both theory and 
practice the geometrical principle involved in 
determining the median line is the most satis. 
factory which has so far been devised, lending 
itself admirably to the construction of equits. 
ble boundaries between states. It depends 
upon precise measurement rather than sub. 
jective factors. Without delving into its tech- 
nical characteristics, a median line is defined 
as a line (or boundary) every point of which 
is equidistant from the nearest points on the 
baselines from which the breadth of the ter- 
ritorial sea is measured. 

Acceptance of the median line concept by 
the Conference and incorporation of it in the 
final Conventions does not preclude other off- 
shore boundary agreements between states. 
In fact, two Convention articles specifically 
stipulate this condition: 

A. In the territorial sea: 

Where the coasts of two States are opposite or 

adjacent to each other, neither of the two States is 

entitled, failing agreement between them to the 
contrary, to extend its territorial sea beyond the 
median line every point of which is equidistant 
from the nearest points on the baselines from which 
the breadth of the territorial seas of each of the two 

States is measured. 

B. Over the continental shelf: 

Where the same continental shelf is adjacent to the 

territories of two or more States whose coasts are 

opposite each other, the boundary of the continental 
shelf appertaining to such States shall be determined 
by agreement between them. In the absence of 
agreement, and unless another boundary line is 
justified by special circumstances, the boundary 
is the median line, every point of which is equ 
distant from the nearest points of the baselines from 
which the breadth of the territorial sea of each 

State is measured.13 

The spirit of these articles is to provide a 
means whereby boundary agreements between 
states may be facilitated. But since median- 
line boundaries are objective they can fre 
quently be used at least as a point of departure 
in the reaching of agreement. Site of known or 


13 The same concept is employed for that part of 
the Convention applying to cases where the continen 
tal shelf adjoins the territory of adjacent (rather than 
opposite ) states. 
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B. Where the coasts of two states are adja- 
cent: 
1. Through the territorial sea 
2. Over the continental self 
The above boundary types are illustrated in 
Figures 8 and 9, where it is readily seen that 


tial resources, location of a navigation 
channel, or traditional offshore practices of a 
state are among special circumstances which 
may give rise to modifying or even disregard- 
ing completely a median line in affixing a 
boundary. For example, a boundary in the 


territorial sea may only roughly approximate 
a median line, compensating for loss of an 
grea in one place by gain in another. Despite 
such departures from a formula the actual 
precisely constructed median line stands as a 
potential means of establishing fair and lasting 
offshore boundaries. 


Of interest in international law are four legal 


applications of median-line boundaries in off- 
shore waters, though in each case the math- 
ematics of construction adhere to the same 
basic formula: 


A. Where the coasts of two states are oppo- 
site: 
1. Through the territorial sea 
2. Over the continental shelf 


MEDIAN-LINE BOUNDARY \N 
OPPOSITE COASTS 


Fic. 8. A median-line boundary line may extend 


the ones over the shelf are essentially no more 
than extensions of those through the territorial 
sea. Even a median-line boundary between 
the coasts of “opposite” states may merge into 
one separating the waters of “adjacent” states, 
as illustrated in Figure 10. Actual examples 
may readily be found, as at the head of a nar- 
row body of water where two states may be 
separated by an international land boundary: 
Sweden and Finland at the head of the Gulf 
of Bothnia; Colombia and Venezuela on the 
coast of the Gulf of Venezuela. 

It remains now to discuss some of the 
politico—-geographic problems associated with 
the establishment of median-line boundaries, 
recognizing that very few agreements have 
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Fic. 9. Construction of a median-line boundary 
follows the same formula whether dividing offshore 


—_ the territorial sea and over the continental waters of opposite or adjacent coasts (compare with 


Fig. 8). 
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Fic. 10. When two coasts fulfill the requirements 
of being both opposite and adjacent to each other a 
single median-line boundary serves to divide the water 
between them in both instances. 


actually been reached between states in delim- 
iting offshore water areas. Only with Canada 
on the Atlantic side has the United States a 
true offshore boundary, and that extends only 
to the outer limit of a three-mile territorial sea. 
On the Pacific coast the international boun- 
dary between the two countries approximates 
a median line through the Strait of Juan de 
Fuca, but terminates where that water body 
converges with the open sea. In Europe agree- 
ment on an offshore boundary in Varanger- 
fjord between Norway and the Soviet Union 
was reached, based in part on the median-line 
principle. 

In approximately 157 places throughout the 
world international boundaries extend to the 
coast, each of which is the potential site for an 
offshore boundary through waters of the ter- 
ritorial sea and over the continental shelf." 
Along the coasts of North America, South 

14 Including boundaries between independent states 


and dependent areas and also between dependent 
areas as found along the coast of Africa. 


Fic. 11. The formula for constructing a median- 
line boundary enables the waters between two states 
to be divided equitably. Offshore islands complicate 
but do not prevent the principle of equi-distance from 
being applicable. 


America, and the intermediate Caribbean area 
are forty such sites where a median line bou- 
dary may be drawn." The continent of Europe, 
despite a much greater political complexity, 
has only thirty points where the coasts of two 
states are adjacent one to another." 

A median-line boundary extends seaward 
from the baseline to delimit offshore sover- 
eignty and control.'* In most instances n0 
major geometrical problems are entailed unles 
the construction of the median line is compli 

15 Of the forty sites three are complicated by inter- 
national boundaries reaching the coast through inter- 
nal waters: Uruguay—Argentina in the Rio de la 
Plata; Argentina—Chile in the Strait of Magellan; 
Argentina—Chile in Beagle Channel. 2 

16 Including Monaco and Gibraltar as political 
entities, but excluding Trieste as a Free Territory and 
the Ukrainian S.S.R. 

17 In order to contrast a median line separating the 
waters of adjacent states from one separating the 
waters of opposite states, the former is sometimes 
referred to as a “lateral” line. However, the term has 
never received wide recognition, nor is it employed in 
official documents. 
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Fic. 12. The juncture of the two median-line 
boundaries in this diagram (marked “terminus”) is a 
tri-point of lines dividing the waters among three 
states. In no case does such a line extend more than 
half-way to any other state. 


cated by offshore islands or two “opposite” 
coasts lie close enough one to the other so that 
their territorial seas or continental shelves 
come together. In the latter contingency a 
median line dividing the waters or seabeds 
between states on opposite coasts shall termi- 
nate any median-line boundaries extending 
seaward from either coast. Figure 11 illus- 
trates a median-line boundary with islands to 
complicate its construction; Figure 12 illus- 
trates the same type of boundary without 
island problems but as it might be affected by 
oy of an opposite coast as discussed 
above. 

It would be difficult to pin down the actual 
number of situations in the world where 
median-line boundaries are needed to delimit 
the territorial sea (assuming a breadth of three 
miles) between opposite coasts; and impos- 
sible to do so over the continental shelf where 
” definite geometrical criteria exist to deter- 
mine its outer limit. Nonetheless, examples 
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Fic. 13. A median-line boundary is applicable to 
waters over a continental shelf, independent of any 
extension over the territorial sea. This situation can 
exist between opposite coasts but not between those 
adjacent. 


can be cited where median-line boundaries 
are justified in order to clarify in precise 
fashion offshore jurisdiction of water and sea- 
bed. The Caribbean Sea and its periphery 
abounds with narrow water passages separat- 
ing land areas of different sovereignties: In 
the Golfo de Paria between Trinidad and Ven- 
ezuela; The Narrows between the U. S. Virgin 
Islands and the British Virgin Islands. Lines 
of jurisdiction in such instances frequently 
appear on maps, but only to identify sover- 
eignty of land on either side, either insular or 
mainland. Similar situations exist in the Medi- 
terranean, including the Strait of Gibraltar 
between Spain and Morocco as well as 
between Gibraltar and Morocco; in the Strait 
of Malacca involving Indonesia, Malaya, and 
Singapore; in Korea Strait between Korean 
and Japanese islands. Recently a boundary 
agreement was reached in the oil-rich Persian 
Gulf between Bahrein Island and Saudi Arabia 
on the mainland, based essentially on the prin- 
ciple of the median line. 
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In other instances, where water areas 
between bodies of land are not so narrow, such 
as between Taiwan and the Philippines or 
between Cuba and Haiti, the necessity of a 
median-line boundary is debatable. Here the 
continental shelf lying between the states in 
question might or might not be “exploitable.” 
Figure 13 illustrates a median line between 
opposite coasts where the seabed of the con- 
tinental shelf legally appertains to the states 
on either coast. 

Although most projected water boundaries 
of the median-line can be placed into the 
categories mentioned above, the coasts of the 
world are sufficiently irregular to defy any 
pre-determined universal pattern. Each boun- 
dary must be constructed in the light of its 
own physical surroundings and in accordance 
with the principles accepted in international 
law. The articles of the Conventions provid- 
ing for the boundaries just discussed can do 
no-more than provide an equitable guide for 
successful agreements. 


LANDLOCKED STATES 


It is generally recognized that a state which 
is cut off from the sea by the territory of one 
or more other states is in an unfortunate geo- 
graphical position. Consequently the maritime 
nations of the world have seldom sought to 
“bottle up” their landlocked neighbors. Inter- 
national agreements and treaties abound 
whereby these interior states are given the 
right of transit through other states in order 
to reach the high seas. In addition, there is 
often provision made for the ships of land- 
locked states to use shipping and storage 
facilities in the coastal states. Despite these 
relatively liberal practices the question of free 
access of landlocked countries to the sea is 
closely associated with the broader concepts 
of the “freedom of the seas” as applied to the 
agenda of the Geneva Conference. The factor 
of geographical inaccessibility alone makes 
the issue an important one, for no international 
agreement is capable of permitting an interior 
state to enjoy the freedom of the seas to the 
extent it would like. 

Accordingly, the General Assembly of the 
United Nations in February 1957 decided that 
the problem of free access to the sea for land- 
locked countries be studied. It was thought 
that an excellent point of departure could be 
established by taking into account current 
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international practices and bilateral treaties 
Some jurists felt that a code of rules might be 
drawn up in order to confirm on an interna. 
tional scale the right of landlocked states tj 
utilize the sea along with maritime states. No 
such specific provisions had been set forth in 
the seventy-three articles of the draft of the 
International Law Commission which served 
as the guide for conducting the Law of the 
Sea Conference. 

Thus, the week before the Geneva Confer. 
ence officially convened on February 25, 1958 
a preliminary conference was held by invite. 
tion of Switzerland for representatives of land. 
locked states. With the introduction of certain 
principles it became possible to set up the 
aforementioned Committee V to work on the 
problems of landlocked states along with those 
pertaining to the breadth of the territorial sea, 
right of innocent passage, fishing rights, and 
other major issues. 

Of the eighty-six states represented at the 
Law of the Sea Conference in Geneva, thirteen 
were classed as landlocked: 


Afghanistan Laos 
Austria Luxembourg 
Bolivia Nepal 
Byelorussian S.S.R. Paraguay 
Czechoslovakia San Marino 
Holy-See ( Vatican ) Switzerland 
Hungary 


This list represents most but not all political 
entities in the world shut off from the sea by 
the sovereign territory of other states. The 
two microstates of Andorra and Liechtenstein 
are landlocked, but not U. N. Agency mem- 
bers. The so-called Mongolian Peoples Repub- 
lic is likewise landlocked and there were 
unsuccessful proposals by Communist Bloc 
countries to have it represented at the Con- 
ference. Conversely, the Byelorussian S.S.R. 
appears in the list as a landlocked state even 
though it is an integral part of the Soviet 
Union; its status as such was acquired by 
membership in the U.N. as an individual par- 
ticipant. 

In addition to independent states, a smal 
number of dependent political areas are 
also landlocked and essentially face the prob 
lems attendant to that position: Federation 
of Rhodesia and Nyasaland, Bechuanaland, 
Swaziland, Basutoland, Uganda, and Bhutan. 
Prior to 1952 Ethiopia ranked as a lam 
country, but it now has access to the sea by 
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federation with Eritrea. It is inter- 
= . note in passing that Jordan has many 
of the attributes of a landlocked country. Its 
oly direct access to the sea is a four-mile 
gretch of coast on the Gulf of Aqaba, which 
in itself has limited access to open seas because 
of unstable political factors. 

Although the major problems of the thirteen 
landlocked states revolve around lack of a sea 
coast, there are striking differences from one 
ate to another as to how these problems may 
best be resolved. Perhaps the most complex 
situation is that found in Bolivia, in the heart 
of South America bordering on five other 
states, each of which offers an avenue towards 
the sea. Bolivia has made treaties with Argen- 
tina, Brazil, Chile, Paraguay, and Peru in an 
efort to overcome an interior position and 
avoid economic strangulation. It must not be 
supposed that these efforts are static—new 
developments are continually taking place in 
one form or another. For example, there is 
presently being constructed a pipeline from 
Bolivian territory to Arica on the Chilean coast 
as part of the present system of freedom of 
transit based on the Treaty on Bolivian- 
Chilean Economic Coordination signed in 
early 1955. Again, a new rail line is just being 
completed from Santa Cruz in Bolivia to 
Yacuiba in Argentina, connecting at a second 
point the systems of the two states. Probably 
the greatest testimonial to Bolivia’s acute need 
for an outlet to the sea is the LaPaz—Arica 
(Chile) Railroad which climbs to an eleva- 
tion of 14,000 feet to get over the western rim 
of the Andes. 

In contrast, the problems of San Marino and 
the Holy-See are relatively simple as long as 
satisfactory arrangements can be maintained 
with Italy for transit rights. Both areas are 
tied in with the Italian transportation pattern, 
the Holy-See as an integral section of the city 
of Rome and San Marino by a highway to 
Rimini, a rail point on the Adriatic coast. Even 
more simple is the case of the Byelorussian 
Socialist Soviet Republic as a “landlocked” 
administrative division of the Soviet Union. 

Czechoslovakia looks north to find an 
approach to the sea. In 1947 and again in 
1956 communications agreements were signed 
with Poland providing for transit and seaport 

- Such economic cooperation permits 
use of the existi 
existing system of railways and 
inland waterways converging on Gdansk and 
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Gdynia, two ports on the Baltic Sea. No short- 
age of surface transportation lines exists in 
this part of Europe; the major problem of 
transit concerns legal clearance for their use. 
Before World War II Germany had leased to 
Czechoslovakia free zone areas in the ports of 
Hamburg and Stettin. In addition Czecho- 
slovakia by treaty previously obtained facili- 
ties to operate railway trains through Austria 
and Hungary enroute to Fiume (now Rijeka) 
and Trieste. Economic alignment within the 
Soviet Bloc since 1948 has disrupted the old 
outlets and brought about a new pattern. 

Switzerland has long been regarded as the 
classical example of a landlocked state, and 
many jokes have been told about the Swiss 
Navy. However, a commercial fleet flying 
the red and white flag of Switzerland does 
exist by virtue of more than a century of 
effort on the part of the country to establish 
its right to engage in commerce beyond the 
Rhine port at Basel. Transit rights to the sea 
in this instance entail inland waterway passage 
through not only the coastal state ( Nether- 
lands ) but also two intervening states ( France, 
Germany ). No states have especially tried to 
deny Switzerland the right to carry on trade 
in coastal ports, nor to fly its own red and 
white flag in international waters, but there 
has been a tendency for maritime powers to 
look askance at small inland states being able 
to properly support any significant shipping 
interests without a home base on the coast. 

In the southeast quadrant of Asia neither 
Nepal nor Laos has the advantage of well- 
established international transportation net- 
works over which to send or receive goods and 
manufactures. Even the domestic facilities 
have serious shortcomings. Nevertheless, a 
treaty of commerce between India and Nepal 
and a Customs Agreement between Thailand 
and Laos provide for transit rights over those 
channels of commerce which do exist in the 
interior of Southeast Asia. In the case of 
Nepal, for example, the principal route for 
transit rights is largely between Patna and 
Katmandu where a rail line crosses the Indian- 
Nepal boundary to within thirty-five miles of 
the Nepalese capital. 

The government of Laos is seeking to rem- 
edy a situation of inadequate access to the 
sea by driving roads to the Thai border to tie 
in with an expanding rail pattern in that 
country. In addition, there are plans for a 
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road from Pakse in southern Laos across Viet- 
nam to the South China Sea. 

In turn each of the remaining landlocked 
countries represented in the list is faced with 
a specific set of environmental situations mak- 
ing it difficult to set up hard and fast rules 
which would not inflict injustices, or at least 
be inapplicable, in some instances. Austria 
and Hungary both are well endowed with rail- 
road patterns that traverse their boundaries 
at many points. In addition, the Danube 
River, navigable throughout most of its length, 
flows across both countries. Austria and Hun- 
gary, however, being on opposite sides of the 
Iron Curtain have contrasting outlooks in the 
orientation of their external transit problems. 
Afghanistan, with no railroads, must rely on 
long and difficult surface routes, some of 
which are over high mountain passes. Some- 
what more fortunate is the position of Para- 
guay. Although it also lacks adequate trans- 
portation facilities, the navigable Paraguay 
River flows directly from the heart of the 
country to the Rio de la Plata with its excellent 
ports of Buenos Aires and Montevideo. Lux- 
embourg, by virtue of being a member of the 
Benelux Union, suffers very little from the lack 
of a coastline. The economic bonds which the 
tiny state has with Belgium and the Nether- 
lands gives it rights in the ports of Antwerp 
and Rotterdam as well as access to these ports. 

This great variety of geographical positions 
together with attendant factors relating to 
problems of transit was recognized at the 
Conference and more than once brought out 
by the delegates in Committee V. Nonethe- 
less, there emerged certain over-all issues to 
be associated in all cases, or at least in the 
average case. 

In reviewing the various agreements permit- 
ting landlocked states to have access to the sea 
it becomes apparent that the geography of the 
area concerned stands high as a governing 
factor. No legal document of consequence 
may be drawn up which does not lend itself 
to existing or potential routes. It is indeed 
unfortunate when legal barriers are so estab- 
lished that natural avenues of communication 
cannot be used. 

Problems of landlocked states can largely 
be narrowed down to a combination of needs 
associated with the carrying of goods and 
persons to the commercial seaways of the 
world through interjacent states. A basic list 
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of the facilities needed to effect such move. 
ment would include: 

1. Transit rights via inland waterways, raj} 

roads, roads, airways, and pipelines, 

2. Storage facilities, e.g., warehouses, ele. 

vators (customs-free areas). 

3. Communication facilities. 

4. Recognition of a landlocked state’s rights 

in ports and on the high seas. 
All of the proceedings on landlocked states at 
the Conference hinged on the economic lia. 
bilities suffered by reason of inaccessibility to 
the sea and reflected cooperation in reducing 
the distinction between maritime and land. 
locked states. 

One specific problem did arise which was 
considered pertinent to the welfare of all non- 
communist countries. As in the past a measure 
of control was maintained whereby right of 
transit through a state is subject to official 
sanction of the transit state. Otherwise, it was 
believed, complete freedom to reach the sea 
through another state might conceivably mean 
the opportunity for subversive operation. 

At the conclusion of the preliminary confer. 
ence on landlocked states, February 14, 1958, 
a series of seven principles were introduced in 
order to clarify the issues at stake: 

I. Right of free access to the sea 
II. Right to fly a maritime flag 
III. Right of navigation 
IV. Regime to be applied in ports 
V. Right of free transit 

VI. Right of states of transit 

VII. Existing and future agreements 
Thus, Committee V, which met as one unit in 
the Law of the Sea Conference could channel 
its energies in the reaffirmation of rights for 
landlocked states and make recommendations 
in line with the draft of the International Law 
Commission. In the following articles, or 
excerpts from articles, presented for adoption 
the proposed additions of Committee V are 
underlined: 

Subject to the provisions of the present rules, ships 
of all States, whether coastal or not, shall enjoy the 
right of innocent passage through the territorial sea. 
The high seas being open to all nations, no States 
may validly purport to subject any part of them to 
its sovereignty. Freedom of the high seas com 
prises, inter alia, both for coastal and_non-coasta 
States: Freedom of navigation; . . - 

Every State, whether coastal or not, has the right to 


sail ships under its flag on the high seas. 
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4 new article, concerning only landlocked 
sates was also presented for adoption by the 
Conference and was embodied in Article 3 of 
the Convention on the High Seas."* 

In summary, the basic premise of all prob- 
lems concerning landlocked states did not con- 
stitute a crusade for obtaining rights, but 
rather involved the strengthening of existing 
rights along with the method of operation and 
the realization of effective agreements. 


CONCLUSION 


Notwithstanding the failure of the delegates 
at the Geneva Conference to arrive at a fixed 
breadth for the territorial sea, much fine work 
along other lines was accomplished. The 106 
new articles in the four resultant Conventions, 
as well as the Protocol and Resolutions, all set 
forth provisions whereby states may utilize the 
sea in a prescribed manner and for the com- 
mon good. In reaching final agreement on 
numerous issues a certain amount of com- 
promise proved necessary, especially in the 
direction of national interests, or greater con- 
trol of the margin of the sea by the coastal 
state. Nevertheless, there tended to be a 
realistic approach in most instances, whereby 
the legal aspects were properly balanced with 
the physical characteristics of the sea itself. 
Advances in the science of oceanography have 
been one factor facilitating a better under- 
standing of the problems at hand. 

An example of one noteworthy improvement 

18As adopted April 27, 1958. United Nations 
Document A/CONF. 13/L.55 and Corr. 1. 


GEOGRAPHICAL ASPECTS OF THE LAW OF THE SEA 23 


made in solving a legal problem is found in 
the history of the median-line boundary. Now 
intelligently defined and commonly accepted, 
it presents a precise and equitable means of 
determining offshore sovereignty and rights. 
But earlier records show that the concept of 
affixing boundaries over or through water 
areas has been vague to the point of making 
agreement impossible. In official documents 
the following terms have all been utilized in 
describing an offshore boundary between 
opposite coasts, now determined by the con- 
struction of a median line in accordance with 
a universally accepted principle: “midway 
between the two shores,” “median line,” “mid- 
dle line,” “half the distance between the 
coasts,” “equal distance from both coasts,” 
“centre-line of the strait.” Without further 
qualification none of the above terms has a 
precise geometric meaning; each one can be 
interpreted in various ways. 

Many other conceptions related to the physi- 
cal features of the sea have likewise gone 
through a constructive evolution, including a 
careful evaluation of coastal and offshore 
features. It is no accident that the present 
wording relative to these aspects of the Law 
of the Sea documents are so effective in 
enabling most issues to be squarely met and 
respected. 

Without doubt there will be Law of the Sea 
conferences held in the future, and in these, 
too, there should be continued improvement 
as statesmen and jurists more and more under- 
stand and appreciate the sea with which they 
are dealing. 
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ee Thornthwaite classification, proposed 
in 1931? and revised 17 years later,’ is 
probably the most widely discussed element of 
the American literature on climatology. Maps 
of the 1948 classification have been constructed 
by a number of investigators for most of the 
continents. Geographers have tried enthusi- 
astically to correlate these maps with the dis- 
tribution of soil, vegetation, and other physical 
elements. Gradually the Thornthwaite scheme 
has gained the prominence that the Wladimir 
K6ppen system once possessed. 

Unlike Képpen’s scheme, Thornthwaite’s 
contribution is not limited to regionalization. 
Many and varied are the applications of the 
concept of potential evapotranspiration, the 
cornerstone of the new classification. Deter- 
minations of evapotranspiration in the hydro- 
logic cycle have been used to estimate soil 
moisture, soil tractionability, irrigation water 
needs, surface or subsurface runoff, world- 
wide change in sea levels, and the like. 

The new Thornthwaite classification has 
been received by scientific communities with 
mixed responses. There are adherents as well 
as critics. The basic formula and several 
assumptions have been bitterly contended. 
This paper attempts to review the arguments. 
It is hoped that the suggestions and criticisms 
may be of assistance in revising the classifica- 
tion. 


POTENTIAL EVAPOTRANSPIRATION AND THE 
THORNTHWAITE FORMULA 


Potential evapotranspiration is the combined 
evaporation from the soil surface and transpir- 
ation from the plants when the water supply 
in the ground is unlimited. The question arises 
as to the influence of botanical composition 
on the maximum rate of evapotranspiration. 


1 Published with the approval of the Director as 
Paper No. 58 in the Journal Series of the Experiment 
Station, Hawaiian Sugar Planters’ Association, Hono- 
lulu, Hawaii. 

2C. W. Thornthwaite, “The Climate of North 
America: According to a New Classification,” Geo- 
graphical Review, Vol. 21 (1931), pp. 633-55. 

3C. W. Thornthwaite, “An Approach Toward a 
Rational Classification of Climate,” Geographical 
Review, Vol. 38 (1948), pp. 55-94. 
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Schofield and Penman‘ dismissed the vegeta. 
tional effect from a physical standpoint. They 
asserted that evapotranspiration is the same for 
different crops exposed to the same weather 
provided that each crop covers the ground 
completely and is approximately of the same 
reflectivity. Rider,® Stanhill,* Lemon et al,’ 
however, have demonstrated from micro-ch.- 
matic measurements that differences of water 
loss from different crops can occur even when 
their albedos are the same. For the same crop 
the transpiration rate may vary according to 
the stage of development.* However, the vari- 
ations in potential evapotranspiration due to 
botanical species are rather small. Therefore, 
from the viewpoint of a large geographical 
area, it may be loosely but conveniently 
assumed that potential evapotranspiration js 
“independent of the character of the plant. 
cover, of soil type, and of land utilization to 
the extent that it varies under ordinary con- 
ditions." Studies in Central Arizona, for 
instance, have shown that the differences in 
consumptive use between bare ground and 
areas in various types of vegetation are small.” 
It must be remembered, however, that this 
partial lack of dependence on plant physiology 
would not be found under conditions of low 
soil moisture. So long as the soil is sufficiently 


4 R. K. Schofield and H. L. Penman, “The Principles 
Governing Transpiration by Vegetation,” Proceedings, 
Conference on Biology and Civil Engineering (1948), 
pp. 75-98. 

5N. E. Rider, “Water Loss from Various Land 
Surfaces,” Quarterly Journal, Royal Meteorological 
Society, Vol. 83 (1957), p. 181. 

6G. Stanhill, “Evapotranspiration from Differest 
Crops Exposed to the Same Weather,” Nature, Vol. 
182 (1958), p. 125. 

7 E. R. Lemon, A. H. Glaser, and L. E. Satterwhite, 
“Some Aspects of the Relationship of Soil, Plant, and 
Meteorological Factors to Evapotranspiration,” Pro- 
ceedings, Soil Science Society of America, Vol. 21 
(1957), pp. 464-68. 

8W. C. Hall, “Artificial Dioecism in Relation to 
Physiological Ontogeny of the Gherkin, Cucumis 
anguria,” Botanical Gazette, Vol. 111 (1950), p. 457. 

9C. W. Thornthwaite, “Report of the Committee 
Transpiration and Vegetation,” Transactions, Amet- 
can Geophysical Union, Part V (1945), pp. 686-93. 

10L. R. Rich, “Consumptive Use of Water, 
Transactions, American Society of Civil Enginees. 
Vol. 117 (1952), pp. 974-87. 
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moist, the evaporation rate is indistinguishable 
from the potential.”? 

The most important factors determining 

tial evapotranspiration are meteorologi- 
cal, including solar radiation, air temperature, 
humidity, and wind. Thornthwaite, however, 
expressed the potential evapotranspiration as 
an exponential function of the mean monthly 
air temperature and applied a day length 
adiustment to correct the relation for season 
and latitude. He justified the omission of 
other meteorological elements by stressing the 
fact that they vary together with air tempera- 
ture. To be sure, there is a positive correlation 
between solar radiation and air temperature. 
However, the correlation coefficients vary 
within wide limits according to the climate. 
The correlations between air temperature and 
humidity or wind are even less significant. 
Therefore, in the opinion of van der Bijl, any 
formula using only air temperature to estimate 
short term, say less than 5 days, potential 
evapotranspiration cannot be accurate by 
more than 10 or 20 percent.'* The accuracy 
increases gradually with the lengthening of 
the period.'* 

According to the formula, evapotranspira- 
tion will cease when the mean temperature is 
below 0°C, since the logarithm of a negative 
value is indeterminate. This is by no means 
true,"* although the amount of evaporation 
may be small. Furthermore, the maximum 
temperatures of individual days during a cold 
winter month may rise well above freezing. It 
is, therefore, not surprising that the formula 
underestimates winter evapotranspiration in 
middle and high latitudes,!* except in areas of 
strong advection of warm air.'® Mather has 


"J. R. Philip, “Evaporation, and Moisture and 
Heat Fields in the Soil,” Journal of Meteorology, Vol. 
pp. 354-66. 

*W. van der Bijl, The Evapotranspiration Problem, 
Kansas State College (1957), 94 gg 
_ 3K. M. King, “Pasture Irrigation Control Accord- 
ing to Soil and Meteorological Measurements,” Uni- 
= thesis, 1956. 

- R. Crowe, “The Effectiveness of Precipitation. 

A Graphical "Analysis of Thornthwaite’s Climatic 

ation, Geographical Studies, Vol. 1, No. 1 
(1954), p. 50. 

SP. F. Butler and J. A. Prescott, “Evapotranspira- 

= from Wheat and Pasture in Relation to Available 

me ey Australian Journal of Agricultural Research, 

Ht. 6 (1955), pp. 52-61; C. S. Ramage, Evapotran- 
‘puation Measurements Made in Hong Kong (1953), 
P. 3; J. R. Mather, “The Measurement of Potential 


suggested the use of maximum temperature 
rather than the mean.'’? During the summer 
months the estimated evapotranspiration usu- 
ally exceeds the observed one.'* In some 
Australian stations Leeper, however, has 
reported that Thornthwaite’s values for the 
hotter months are much lower than evapori- 
meter readings.'® 

The Thornthwaite formula is based on lysi- 
meter and watershed observations of water 
loss in central and eastern United States and 
has only limited value elsewhere. In most 
parts of the United States and Canada,” the 
results are generally satisfactory, although in 
Alabama and a few other places”! it has been 
found that the formula can be improved by 
applying an adjustment factor. Considerable 
discrepancies, however, have been reported in 
Monsoon Asia,” in the tropics,?* and in mari- 
time climates. 


OTHER APPROACHES 


Methods of estimating evaporation fall into 
three general categories: (1) empirical for- 
mulae relating evaporation and temperature, 
(2) turbulent transfer approach, and (3) 
energy budget approach. The Thornthwaite 
method belongs to the first group. Baver,”* 


Evapotranspiration,” The Johns Hopkins University 
Laboratory of Climatology Publication in Climatology, 
Vol. 7, No. 1 (1954), p. 26. 

16 V. H. Guerrini, “A Year of Evapotranspiration in 
Ireland,” The Johns Hopkins University Laboratory of 
Climatology Publication in Climatology, Vol. 7, No. 
1 (1954), pp. 98-111. 

17 Op. cit., p. 28. 

18 W. R. Hamon, Evaporation: Its Computation and 
Application in Agriculture, The Travelers Weather 
Service, Hartford, Connecticut (1957), 13 pp. 

19G. W. Leeper, “Thornthwaite’s Climatic For- 
mula,” Journal of Australian Institute of Agricultural 
Science, Vol. 16 (1950), pp. 2-5. 

20M. Sanderson, “Measuring Potential Evapotran- 
spiration at Norman Wells, 1949,” Geographical 
Review, Vol. 40 (1950), pp. 636-45. 

.21J. R. Davis, Evaporation and Evapotranspiration 
Research in the United States, Purdue University 
(1956), 87 pp. 

22 Ramage, op. cit. 

23 B. J. Garnier, “Measuring Potential Evapotranspi- 
ration in Nigeria,” The Johns Hopkins University 
Laboratory of Climatology Publication in Climatology, 
Vol. 7, No. 1 (1954), pp. 140-76. 

24. D. Baver, “Rainfall Characteristics of Missouri 
in Relation to Runoff and Erosion,” Proceedings, Soil 
Science Society of America, Vol. 2 (1937), pp. 533— 
36. 
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Blaney and Criddle** have also adopted the 
same approach. It is interesting to note that 
these three formulae, all based on data from 
the United States, are different. Theoretically 
not more than one of the equations can be 
generally correct. Herein lies the weakness of 
an empirical formula that is not based on 
physical reasoning.”° 

The turbulent transfer approach rests on the 
assumption that the upward transport of water 
vapor from a wet surface is equal to the 
product of the vertical gradients of vapor 
pressure and the rate of mixing of air. The 
best known formula derived along this line is 
that of Thornthwaite and Holzman*’ published 
in 1939, and generalized by Holzman** in 
1943. More recently, Halstead,”® and Halstead 
and Covey*’ have presented a refined version. 
The last equation reads: 


1D 


where E = evaporation rate (cm. depth per 
sec. ) 
D = coefficient of diffusion of water 
vapor through air (about 0.25 
cm.?/sec. ) 
V = viscosity of air (about 0.15 
cm.?/sec. ) 
Us, = wind speed at height 2 z 
U, = wind speed at height z 
po, = absolute humidity at height 2 z 
p, = absolute humidity at height z 
This approach, while theoretically sound, 


25H. F. Blaney and W. D. Criddle, Determining 
Water Requirements in Irrigated Areas from Climato- 
logical and Irrigation Data, U.S. Soil Conservation 
Service, Technical Paper (1950), 96 pp. 

26 J. Gentilli, “Die Ermittlung der méglichen Ober- 
flichen- und Pflanzenverdunstung, dargelegt am 
Beispiel von Australien: Das Suchen nach einer 
Formel,” Erdkunde, Vol. 7 (1953), pp. 81-93. 

27C. W. Thornthwaite and B. Holzman, “The 
Determination of Evaporation from Land and Water 
Surface,” Monthly Weather Review, Vol. 67 (1939), 
pp. 4-11. 

28 B. Holzman, “The Influence of Stability on 
Evaporation,” Annals, New York Academy of Science, 
Vol. 44 (1943), p. 13. 

29M. Halstead, “The Fluxes of Momentum, Heat, 
and Water Vapor in Micrometeorology,” The Johns 
Hopkins University Laboratory of Climatology Publi- 
cation in Climatology, Vol. 7, No. 2 (1954), pp. 
326-61. 

30M. Halstead and W. Covey, “Some Meteorologi- 
cal Aspects of Evapotranspiration,” Proceedings, Soil 
Science Society of America, Vol. 21 (1957), pp. 461- 
64. 


involves precise measurements by expensive 
instruments of the vertical profile of wind anj 
humidity. A small error in the measuremens 
may cause a very large difference in the fin,| 
computation.*! This accuracy requirement hys 
prohibited the general use of the turbuley 
transfer approach. 

The third approach makes use of the cp. 
cept of energy conservation. The net radiation 
received at the ground surface divides jnty 
three parts: heat flux to the soil, heat flux tp 
the air, and the heat of vaporization of water 
The energy budget equation can be solved i 
any three of the four terms are known. Pr. 
cise determination of the energy budget, as 
outlined by Suomi and Tanner," is an expen. 
sive and complicated task. 

A simplified energy budget equation for 
estimating evaporation from climatic data 
however, has been derived by Penman® 
Since the heat flux into and out of soil is 
usually small, he simply divides the net radia- 
tion between evaporation and heating the ait 
He assumes this partition takes place accord. 
ing to the Bowen ratio, which is a function of 
temperature and vapor pressure at the surface 
and at some height above it. By a clever 
manipulation he eliminates the temperature 
and vapor pressure at the ground surface 
which are not commonly observed. The final 
equation takes the form: 


Aty 


where E = evaporation from open water sur- 
face 

A de,/dT 

H = 0.0157 R(0.18 + 0.55 n/N) - 
1955.52 T+ (0.56 — 0.92 he,) 
(0.1 + 0.9 n/N)/10" 

H is net radiation 

0.35 (1 -h) (1 + 0.54ue) 
0.486 (the psychrometer con 
stant ) 


E, 


31 C, W. Thornthwaite and M. Halstead, “Note o 
the Variation of Wind with Height in the Layer Near 
the Ground,” Transactions, American Geophysical 
Union (1942), pp. 249-55. 

32 V. E. Suomi and C. B. Tanner, “Evapotransplti- 
tion Estimates from Heat-Budget Measurements Over 
a Field Crop,” Transactions, American Geophysical 
Union, Vol. 39 (1958), pp. 298-304. 

33 H. E. Penman, “Natural Evaporation from Open 
Water, Bare Soil, and Grass,” Proceedings, 
Society, Ser. A, Vol. 193 (1948), pp. 120-45. 
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solar radiation received at the 

top of the atmosphere by a hori- 

zontal surface 

saturation pressure of water va- 

por at temperature T 

temperature in °K 

actual duration of sunshine 

maximum possible sunshine du- 

ration 

relative humidity 

wind speed at 2 m. height 
Penman’s equation needs observations of net 
radiation, temperature, humidity, and wind. 
Where observations are not available, net 
radiation is estimated from sunshine, tempera- 
ture, and humidity records. The computed 
value, E, is evaporation from an open water 
surface. To obtain evaporation from other 
ground surfaces the estimate of E must be 
multiplied by experimental factors. In Eng- 
land, Penman** has established the seasonal 
values of the correction factor for evapotran- 
spiration from land covered by green vegeta- 
tion. 

Several constants in Penman’s equation are 
empirical and, therefore, vary from place to 
place. First, the formula used to estimate net 
radiation is derived in England and should be 
adjusted when applied to other kinds of cli- 
mate. Secondly, the Bowen ratio is not a 
constant. Bowen’s assumption** that the eddy 
transfer coefficients for heat and moisture are 
equal has raised lively debates. Some state 
that it should be set to the ratio of molecular 
diffusivities for air and water vapor or about 
1.14. Others, however, maintain that the ratio 
is greater than unity during unstable condi- 
tions and less than unity when the surface 
layer is stable. In this connection the Bowen 
ratio is a function of climate and its geographi- 
cal variation needs to be investigated. 

Penman’s equation is very popular among 
meteorologists because it is based on an exact 
theory. King found that in Wisconsin Pen- 
mans equation yields better results than 
Thornthwaite’s formula.** In eastern United 
States Penman’s formula also gives reasonable 


*H. L. Penman, “Evaporation Over the British 
Isles,” Quarterly Journal, Royal Meteorological Society, 
Vol. 76 (1950), pp. 372-83. 

*1. S. Bowen, “The Ratio of Heat Losses by Con- 
a and by Evaporation from any Water Sur- 
ace, Physical Review, Vol. 27 (1926), pp. 779-87. 

King, op. cit. 


prediction, though far from being perfect. At 
Chapel Hill, North Carolina, for instance, the 
maximum difference between the formula and 
the observed monthly values during the grow- 
ing season has been found to be about 14 
percent.** Another limitation of the Penman 
method is that it does not apply to periods of 
less than 5 days.** 

Penman’s equation is very complicated. In 
order to expedite the computations, Rijkoort*® 
and the U.S. Weather Bureau*® have prepared 
nomographs which enable them to be com- 
pleted in two or three minutes. 


SEEKING A BETTER FORMULA 


It is clear that the energy budget approach 
emphasizes the importance of solar radiation 
in promoting evapotranspiration while Thorn- 
thwaite’s formula considers air temperature 
the primary factor. Baver analyzed the evapo- 
ration and meteorological data from the Oahu 
Sugar Company and found an exceedingly 
close correlation between solar radiation and 
evaporation.*t In Europe Stone,*? and de 
Vries and Van Duin** also recognized the pre- 
dominant influence of radiation. In Canada, 
Holmes and Robertson have correlated evapo- 
ration from various evaporimeters with the 
four meteorological factors.*t The results, as 
presented in Table 1, prove conclusively that 


37 C. H. M. van Bavel and T. V. Wilson, “Evapo- 
transpiration Estimates as Criteria for Determining 
Time of Irrigation,” Agricultural Engineering, Vol. 33 
(1950), pp. 417-8 and 420. 

38 M. J. Gilbert and C. H. M. van Bavel, “A Simple 
Field Method for Measuring Maximum Evapotranspi- 
ration,” Transactions, American Geophysical Union, 
Vol. 35 (1954), pp. 937-42. 

39 P, J. Rijkoort, A Nomogram for the Determination 
of the Pan Evaporation Adapted from the Penman 
oo Royal Netherlands Meteorological Institute 
(1954). 

40M. A. Kohler, T. J. Nodenson, and W. E. Fox, 
“Evaporation from Pans and Lakes,” Research Paper 
No. 38, U.S. Weather Bureau (1955). 

41L,. D. Baver, “The Meteorological Approach to 
Irrigation Control,” Hawaiian Planters’ Record, Vol. 
54 (1954), pp. 291-98. 

42 E. L. Stone, “Evaporation in Nature,” Journal of 
Forestry, Vol. 50 (1952), pp. 746—47. 

43D, A. de Vries and R. H. A. Van Duin, “Some 
Consideration on the Diurnal Variation of Transpira- 
tion,” Netherlands Journal of Agricultural Science, 
Vol. 1 (1953), pp. 27-34. 

44 R. M. Holmes and G. W. Robertson, “Conversion 
of Latent Evaporation to Potential Evapotranspira- 
tion,” Canadian Journal of Plant Science, Vol. 38 
(1958), pp. 164-72. 
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solar radiation is the best correlated factor, 
followed closely by vapor pressure deficit. 
Temperature and wind effects show poorer 
correlations. 


TABLE 1.—CorRELATION COEFFICIENTS BETWEEN 
Various EVAPORIMETERS AND THE DAILY VARIA- 
TION OF THE METEOROLOGICAL FACTORS 


Meteorological Black Bellani Summerland 4 ft. 
factors plate tank tank 
Radiation 0.771 0.603 0.601 
Vapor pressure deficit 0.719 0.695 0.457 
Air temperature 0.460 0.421 0.304 
Wind speed 0.269 0.012 0.232 


Inasmuch as air temperature lags behind 
radiation, the energy for evaporation in the 
spring is quite different from that available in 
autumn, even though the air temperature may 
be comparable during the two seasons. At De 
Bilt the temperature is about the same during 
November (5.4°C) and March (5.0°C). The 
average intensity of solar radiation in these 
two months is, however, 67 and 195 langleys 
per day, respectively, and the potential evapo- 
transpiration calculated from the energy 
balance is nearly four times as high in March 
as it is in November.*® Therefore, van Bavel 
has noticed that the Thornthwaite formula lags 
by three or four weeks.*® 

In regions of warm advective air, the air 
temperature may be markedly increased while 
the solar radiation and evaporation are not. 
This has been noted in Ireland where the 
actual potential evapotranspiration is lower 
than that calculated from Thornthwaite’s for- 
mula.‘? In mountain areas of high insolation, 
Thornthwaite’s formula probably will under- 
estimate evaporation rate. 

The above discussion should have made it 
clear that in a formula of potential evapotran- 
spiration the radiation term should be empha- 
sized. Net radiation is the true measure of 
the available energy at the ground surface. 
Where observations are not available, net 
radiation can be estimated from the incident 


45 W. R. van Wijk and D. A. de Vries, “Evapotran- 
spiration,” Netherlands Journal of Agricultural Science, 
Vol. 2 (1954), pp. 105-19. 

46C. H. M. van Bavel, Estimating Soil Moisture 
Conditions and Time for Irrigation with the Evapo- 
transpiration Method, U.S. Department of Agriculture 
(1956), 16 pp. 

47 Guerrini, op. cit. 
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radiation,** or computed from the Brunt for. 
mula as indicated by Penman. 

The use of radiation as a measure of poten. 
tial evapotranspiration has the additional 
advantage of providing a link between the 
hydrologic cycle and the energy budget. The 
so-called heat-balance climatology has been 
intensively studied by Russian scientists 
culminating in the authoritative work by 
Budyko.*® He has presented a world map of 
dryness index—the ratio between radiation 
and the product of precipitation and latent 
heat—and found a good agreement between 
its distribution and those of soil and vegeta- 
tion. He concluded that the radiation index of 
dryness presents the most concise and physic. 
ally understood index of climatic moistening, 

t seems that there are two possible ways of 
seeking a better formula of potential evapo. 
transpiration for general use. First, an attempt 
should be made to investigate the geographical 
variation of the Bowen ratio and to ascertain 
the best constants in Penman’s equation. 
Theoretically, the improved energy budget 
formula should give satisfactory results. If, 
however, the required data are not sufficient, 
or if the improved energy budget formula 
should appear too complicated for general use, 
the alternative is to find an expression of 
potential evapotranspiration in terms of radia- 
tion alone. 


WATER BALANCE AND MOISTURE INDEX 


The daily or monthly water balance of a 
place can be computed when precipitation and 
potential evapotranspiration are known. Thom- 
thwaite has devised a bookkeeping procedure 
for estimating soil moisture, runoff, and water 
deficit. Carter has applied this method in the 
Maracaibo Basin,®® and the Mediterranean 
and Black seas,®! while van Hylckama has 


48 R. H. Shaw, “A comparison of Solar Radiation 
and Net Radiation,” Bulletin, American Meteorological 
Society, Vol. 37 (1956), pp. 205-6. 

49 M. I. Budyko, The Heat Balance of the Earth's 
Surface, U.S. Weather Bureau translation (1958), 
259 pp. 

50D. B. Carter, “The Water Balance of the Lake 
Maracaibo Basin,” Laboratory of Climatology Publi 
cations in Climatology, Vol. 8, No. 3 (1955), PP. 
209-27. 

51D. B. Carter, “The Water Balance of the Medi- 
terranean and Black Seas,” ibid., Vol. 9, No. 3 (1956), 
pp. 123-74. 
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ted the global water balance. The 
are generally good. Van Hylckama’s 


estimates agree with oceanic measurements.** 


Several assumptions in the bookkeeping pro- 
cedure are, however, not very valid. In 1948 
Thornthwaite assumed a storage capacity of 
10 cm. for a normal soil; in 1955 he raised it to 


: 3) cm.* It is known that the water-holding 


capacity of a soil varies from a few mm. to 
well over 40 cm. For the detailed study of a 

icular place, the most realistic approach is, 
therefore, to determine the actual capacity 
and use that value in the computation 
procedure. For the purpose of comparative 
climatology on a continental scale, standard 
values have to be used. It is doubtful that the 
typical value for a podzolic soil is applicable 
toa latosol. In the permafrost area the problem 
is even more complicated. The geographical 
variation of the water-holding capacity for 
various soil groups should be thoroughly 
investigated. 

In 1948 Thornthwaite assumed that so long 
as there is moisture in the soil the depletion 
rate is equal to the potential evapotranspira- 
tion. It was later realized that as the soil mois- 
ture decreases the rate of evapotranspiration 
will be retarded. By analyzing the depletion 
curves Thornthwaite was able to prepare a 
soil moisture retention table.®> The use of this 
table is an improvement over the old proce- 
dure and should be adopted in any new 
investigations. 

Thornthwaite claimed without the support 
of evidence that a surplus of 6 cm. in one sea- 
son may compensate for a deficit of 10 cm. in 
another. This empirical adjustment was neces- 
sary presumably because of the over-estimation 
of the depletion rate by the old procedure. It 
is likely that this adjustment could be obviated 
by using the new depletion curve. 

The moisture index is obtained by compar- 
ing the water surplus and water deficit. The 
gradation of moisture index from perhumid to 
arid gives a far better presentation of the 


— 


eT, E. A. van Hylckama, “The Water Balance of 
the Earth,” Laboratory of Climatology Publications in 
Climatology, Vol. 9, No. 2 (1956), pp. 57-117. 
_ SW. H. Munk, “The Seasonal Budget of Water,” 
in Geophysics and the IGY, American Geophysical 
Union (1958), pp. 175-76. 


*C. W. Thornthwaite and J. R. Mather, The 
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moisture conditions than K6éppen’s scheme. 
Studies in many temperate regions such as 
Argentina, Canada,®*7 Rhodesia,®* Turkey,®® 
and China,® all indicate that the distributional 
patterns of the moisture index display a 
general sympathy with those of soil and vege- 
tation. In Norway, soil and vegetation maps 
are, however, not well related to the moisture 
index.*! Shanbhag® has expressed the opinion 
that in India the arid climate according to the 
Thornthwaite classification® is too extensive. 


OTHER ITEMS IN THE CLASSIFICATION 


The four items in the Thornthwaite classifi- 
cation are: potential evapotranspiration, mois- 
ture index, seasonal variation of effective 
moisture, and summer concentration of thermal 
efficiency. 

Studies in New Zealand® and China® have 
shown that the “seasonal variation of moisture” 
fails to “indicate tendencies toward seasonal 
contrasts in moisture efficiency which obser- 
vations and experience suggest are there.” To 
cite a more specific example in Norway: 

In inner Sogn, the drought is worst in April, May, 

and June, so irrigation is a regular part of spring’s 

work. According to Thornthwaite’s calculation the 
greatest water deficit occurs late in the season.®6 


56 J. J. Burgos and A. L. Vidal, “The Climates of the 
Argentine Republic According to the New Thorn- 
thwaite Classification,” Annals, Association of Ameri- 
can Geographers, Vol. 41 (1951), pp. 237-63. 

57 F, K. Hare, “Climate and Zonal Divisions of the 
Boreal Forest Formation in Eastern Canada,” Geo- 
graphical Review, Vol. 40 (1950), pp. 615-35. 

58 M. Howe, “Climates of Rhodesia and Nyasaland 
According to the Thornthwaite Classification,” Geo- 
graphical Review, Vol. 43 (1953), pp. 525-39. 

59 §. Erinc, “Climatic Types and the Variation of 
Moisture Regions in Turkey,” Geographical Review, 
Vol. 40 (1950), pp. 224—35. . 

60 Jen-hu Chang, “The Climate of China According 
to the New Thornthwaite Classification,” Annals, 
Association of American Geographers, Vol. 45 (1955), 
pp. 393-403. 

61C. R. Lougee, “Climatic Classification and the 
Practice of Irrigation in Norway,” Clark University 
Ph.D. thesis, 1956. 

62 G. L. Shanbhag, oral communication. 

63D. C. Carter, “Climates of Africa and India 
According to Thornthwaite’s 1948 Classification,” 
Laboratory of Climatology Publications in Climatology, 
Vol. 7, No. 4 (1954), pp. 455-74. 

64 B. J. Garnier, “Thornthwaite’s New System of 
Climate Classification in Its Application to New Zea- 
land,” Transactions, Royal Society of New Zealand, 
Vol. 79 (1951), pp. 87-103. 

65 Chang, op. cit. 

66 Lougee, op. cit. 
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This fact reflects the lag of the Thornthwaite 
formula as already discussed. 

It has been pointed out in a previous study 
that the use of the absolute value of summer 
concentration of thermal efficiency is of little 
significance.** The anomaly of summer con- 
centration is a measure of continentality. Such 
a map of the anomaly has yet to be constructed. 

The Thornthwaite classification is indeed so 
complicated that it has not been possible to 
combine all the four symbols in one map. The 
identities of Képpen’s Cs with the Mediter- 
ranean type of climate, ET with tundra, and 
Cfa with the corn belt, are all to familiar. Few, 
if any, could name the corresponding symbols 
in Thornthwaite’s scheme. In high latitudes, 
for example, Thornthwaite’s classification fails 
to distinguish “taiga, tundra, and frost.”** 
Furthermore, such salient features as the 
prevalence of fog, small annual temperature 
range, and the Ganges type of temperature 
curve are simply disregarded in Thornthwaite’s 
system. It is therefore extremely difficult to 
use the Thornthwaite classification as a frame- 
work to expound climatic patterns of the 
world. 


CONCLUSION 


Képpen was the first to code the complex 
facts of climate on a numerical basis. His 
analysis of moisture condition, however, was 
inadequate. The introduction of the concept 
of potential evapotranspiration marked a for- 
ward step in the progress of climatology. 
Unfortunately Thornthwaite was limited by 
the observational data at his disposal. He 
expressed potential evapotranspiration in 
terms of the most readily accessible element, 
air temperature, alone. Ten years have elapsed 
since the publication of his 1948 formula. It is 


67 Chang, op. cit. 
68 Lougee, op. cit. 


now generally known that radiation plays a fay 
more important role than air temperature in 
promoting evapotranspiration. The energy 
budget formula needs to be improved for gen. 
eral use. It is to be hoped that the Association 
of American Geographers will take the initia 
tive toward formulating a better formula, 

The bookkeeping procedure of measuring 
soil moisture devised by Thornthwaite ‘ 
ingenious. The moisture index is likewise ; 
useful research tool. Other items in the classi 
fication are, however, of little significance. 
The classification as a whole is excessive and 
cumbersome and fails to bring out many 
salient climatic features. 

Some climatologists believe that no climatic 
classification can successfully portray the more 
sophisticated facts and hence it should be 
relegated to a minor niche. It may be argued 
that in spite of the obvious limitations, a 
climatic classification serves at least two pur- 
poses for geographers. In the first place, it 
conveys a first impression of the broad climatic 
patterns of the world. Secondly, the correla. 
tion between climate and other physical 
elements may be used as a basis for assessing 
the settlement potentiality of a place. In this 
connection the air mass approach, advocated 
by Borchert,”’ Brunnschweiller," and others, 
is less useful, because it fails to take into 
account local variations of landscape, shaped 
by the interaction of the atmosphere and the 
terrain. It remains a challenging task for 
geographers to perfect a climatic classification 
like Képpen’s or Thornthwaite’s. 

69 H. E. Landsberg, “Review of Climatology, 1951- 
1955,” Meteorological Monographs, Vol. 3, No. 2 
(1958), pp. 1-43. 

70J. R. Borchert, “Regional Differences in the 
World Atmospheric Circulation,” Annals, Association 
of American Geographers, Vol. 43 (1954), pp. 14-2. 

71 D. H. Brunnschweiller, “The Geographic Distr- 
bution of Air Masses in North America,” Vierteljahres 
schrift der Naturforschenden Gesellschaft, 1952, pp. 
42-49. 
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ATOLL DEVELOPMENT AND MORPHOLOGY ' 
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Yale University 


HE physical inaccessibility of the small 
limestone reef islands of the Pacific and 
Indian oceans and the political or administra- 
tive obstacles to visiting them have made their 
first-hand study difficult except under official 
auspices. Nevertheless, their strategic and 
political importance in the past history of the 
Pacific has been great. Their role in cultural 
transmission and change and in plant and 
animal migrations, and their present-day impor- 
tance in Pacific communications and nuclear 
tests all testify to their significance in geo- 
graphic study. 
Since the extensive study of coral reefs by 
William M. Davis in 1928, many new data 
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have been brought to light concerning the 
nature of atoll origins and the character of 
atoll morphology. In the last two decades a 
considerable number of intensive studies have 
been made in numerous fields of the physical 
and biological as well as the social sciences 
concerning atoll environment and ecology, 
including studies by a few geographers. 
Among the latter, the author has had the good 
fortune of being able to visit twenty atolls and 
reef islands in the Marshall and Caroline 
Islands as well as to fly over several others. 

In the present article, the writer’s purpose is 
to review some of the developments in the 
study of atoll morphology and some of the 


Hydrographic chart of a classical type of atoll with an annular reef. Notice the greater width of the 
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ideas concerning reef and land building and 
erosion processes on atolls. 

An atoll (Fig. 1) may be defined as a more 
or less continuous emerged or slightly emerged 
calcareous reef forming an irregular enclosure 
around a distinctly deeper lagoon or several 
lagoons without emerged volcanic islands; its 
upper seaward slopes rise steeper than the 
repose angle of loose sediments from a vol- 
canic foundation at present generally too deep 
for the growth of reef corals. This article con- 
cerns itself primarily with the origins and 
evolution of the atoll, the most numerous and 
most important of the reef structures of the 
Pacific, although many of the same processes 
also are involved in the formation and destruc- 
tion of knoll-like reefs supporting single islets 
and of former atolls that have been tectonically 
elevated to “high” islands. 


THICKNESS AND NATURE OF REEF STRUCTURES 


Uncertainty has long characterized specula- 
tions concerning the thickness of the limestone 
cap over the atoll foundations which generally 
(with Darwin) were accepted as volcanic sub- 


marine mountains. Five deep and _ several 
shallower holes have been drilled on islands in 
the open Pacific that have provided informa- 
tion on reef character. The first was at 
Funafuti in the Ellice Islands,? where a core 
was taken out down to a depth of 1,114 feet. 
Others were drilled at Bikini (1,346 and 3,556 
feet ),? and Eniwetok (4,222 and 4,610 feet).* 
Reef drillings in the Pacific not on atolls 
include those on Kita-Daito (1,416 feet)*® and 
Maratoea on the Borneo Shelf (over 1,300 
feet).° Until the Eniwetok drillings, none of 


1 This article is derived from part of a much longer 
study of coral atolls done under the auspices of the 
Pacific Science Board for the Office of Naval 
Research, Washington, D.C. 

2T. W. E. David and G. Sweet, The Geology of 
Funafuti (London: The Royal Society, 1904). 

3 Kenneth O. Emery, J. I. Tracey, Jr., and H. S. 
Ladd, Geology of Bikini and Nearby Atolls, U.S.G.S. 
Prof. Paper 260-A (1954), p. 74. 

4F. R. Fosberg and S. McNeil, “The Military 
Geography of the Northern Marshalls,” manuscript 
loaned in a personal communication, 1954. 

5H. S. Ladd, “Recent Reefs,” Bulletin, American 
Association of Petroleum Geologists (1950), p. 211. 

6 Ph. H. Kuenen, “Two Problems of Marine Geol- 
ogy, Atolls and Canyons,” Verhandelingen der Konink- 
Nederlandsche ie van Wetenschappen, 
Afd. Natuurkunde Tweede Sectie, Deel XLIII, No. 3 
(1947), pp. 1-61. 
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the cores had reached the volcanic found). 
tions. The Eniwetok cores have shown thi 
there is a reef thickness of at least 4,610 feet 
on this atoll. The bottom of the core reached 
volcanic rock, an olivine basalt. 

The fossils identified in the drill cores 
throughout the entire reef thicknesses were 
varieties characteristic of shallow water only 
Since reef-building corals do not grow below 4 
depth of 50-85 fathoms and do not flourish; 
below a depth of about 150 feet, owing to the 
lack of light and the coldness of water’ this 
means that the entire thickness of the Eniwe. 
tok limestone island was constructed near the 
surface of the sea. The riddle of the present 
submergence of the lower parts of this reef tp 
a depth over 4,600 feet below the present 
surface may be explained in either of two 
ways or a combination of both. One is that the 
island foundations have subsided several 
thousands of feet since reef corals first started 
forming. The other is that when the reef corals 
and plants first attached themselves to the 
volcanic foundation, the sea level was several 
thousand feet lower than it is today. The 
formation of the lowest parts of the complex 
dates back to Oligocene and possibly Eocene 
times. This means that the reef has been 
developing at least since a period 15-20 mil- 
lion years ago. 


MANNER AND RATE OF REEF GROWTH 


A corollary to the preceding facts concem- 
ing the immense thicknesses of the limestone 
reef cap is that the rate of reef growth has 
been sufficient to keep up with the rate of 
submergence of the island, whether the sub- 
mergence resulted from subsidence or from 
sea level rise or from a combination of both 
An understanding of the rate of reef growth 
necessitates an understanding of the nature 
of the reef makers and the manner of their 
masonry. 

According to Twenhofel, “it is now wel 
known that most existing coral reefs do not 
have corals as the most important agents 1 


7 William M. Davis, The Coral Reef Problem, 
American Geographical Society Special Publication 
No. 9 (New York, 1928), p. 514; also Emery, Tracey, 
and Ladd, op. cit., p. 2. 

8C. M. Yonge, The Biology of Reef-building Corals. 
The Great Barrier Reef Expedition, British Museum 
(London, 1940), p. 379-85. 

9 Emery, Tracey, and Ladd, op. cit., p. 134. 
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i tion.”"” Biologically considered, 
pe seg the Pacific may be described as 
marine communities growing only in tropical 
waters, the dominant organisms being calcare- 
ous algae, reef-building corals, and certain 
Hydrocorallinae and Alcyonarea (plant-like 
corals) which form calcareous skeletons and 
which contain in their body folds light-sensi- 
tive algae called zoozanthellae, living sym- 
biotically with them. 

Because of the exceptional powers of skele- 
ton formation by the majority of these organ- 
isms, massive reefs constructed by them pro- 
vide a habitat for a host of other organisms, 
some of which assist materially in the forma- 
tion and consolidation of the reefs. These 
include the tiny foraminifers, animals whose 
shells form a major constituent of atoll beach 
sand, various types of mollusks, and some 
plants, particularly the nullipores, which also 

ipitate limestone." 

It is believed that those organisms that form 
calcium carbonate or limestone do it through 
the process of forming ammonia. When added 
to sea water, ammonia will lead to a precipita- 
tion of calcium carbonate out of the minerals 
held in sea water. Green marine plants do this 
by taking carbon dioxide out of the water. 
Since carbon dioxide is the chief solvent of 
calcium carbonate in sea water, the removal of 
carbon dioxide causes the carbonate to be pre- 
cipitated. There also are inanimate agencies 
in the shallow reef areas of coral atolls that 
can precipitate calcium carbonate and thus 
add to the volume and consolidation of the 
reefs. In the tropics, sea water is saturated 
with calcium carbonate. A rise in water tem- 
peratures on shallow reef flats at low tide 
reduces the solubility constant, i.e., the ability 
of the water to hold the minerals in solution, 
and causes some of the calcium carbonate to 
be precipitated. Moreover, rise of temperature 
reduces the solubility of carbon dioxide in 
water; so the agitation of the heated, saturated 
sea water will liberate carbon dioxide and 
hasten the process of precipitation. 
_The rates of coral growths have been inves- 


ew. H. Twenhofel, “Coral and Other Organic 
Reefs in Geologic Column,” Bulletin, American Asso- 
cation of Petroleum Geologists, Vol. 34, No. 2 
p. 182. 
- M. Yonge, op. cit., p. 354. 
“Thomas W. Vaughan, “Corals and the Formation 


of Coral Reefs,” Annual Re rt 
the Smithsonia 
(1917), po 217, Smitheondan 
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tigated by many scientists, and various rates of 
growth of different coral species have been 
ascertained. Because of the numerous organ- 
isms and plants involved, it is difficult to 
assess the average rates of reef building as a 
whole, particularly since many reefs are domi- 
nantly algal in composition. One marine geol- 
ogist, Kuenen, after reviewing, the literature, 
concluded that as a general average of all 
measurements, it can be assumed that coral 
colonies grow at the rate of 2% cm. per year or 
a meter in 40 years under favorable conditions 
and for part of their lives, but that reefs as a 
whole grow much more slowly.'* Among the 
reasons for this is the damage caused by 
storms, the inhibition of coral growths by algal 
mantles, the empty spaces in branching coral 
types that require consolidation through sedi- 
ment fill, and patches of loose sand and sedi- 
ments that discourage rapid coral colonization. 

Kuenen concluded that while some reefs at 
present are almost stationary, others are grow- 
ing upward at the rate of one-half to two 
meters per century. In exceptional cases sec- 
tions of reefs have been observed to grow at 
the rate of almost a foot a year, or about 100 
feet per century. 

Investigators at Bikini found that sediments 
are deposited in lagoons about 1000 times as 
fast as they are in the surrounding deep ocean, 
although lagoon sedimentation rates appear to 
be slower than reef growth rates. Neverthe- 
less, it appears probable that the annual rise 
of sea level at present (0.6 mm.) is less than 
the rate of deposition of atoll sediments." 


THE CASE FOR SUBSIDENCE IN THE 
EXPLANATION OF ATOLL ORIGINS 


For a long time the Pacific Ocean basin has 
been considered a zone of great tectonic sta- 
bility, but a broad down-warping over the last 
50-100 million years is probable. Hamilton, a 
marine geologist, wrote recently: 

Most writers in considering the increase in ocean 
volume in geologic time, hold that the ocean basins 
sank as the volume of oceanic waters increased 
‘[because of release of waters from the interior of 
the earth]. Thus, the present position of the sunken 
islands [and atoll foundations] must be partially due 
to isostatic adjustments under the volcanic ridge but 
also to a general sinking of the ocean floor.45 


13Ph. H. Kuenen, Marine Geology (New York: 
John Wiley and Sons, 1950), p. 420. 

14 Emery, Tracey, and Ladd, op. cit., p. 141. 

15 Edwin L. Hamilton, Sunken Islands of the Mid- 
Pacific Mountains, Geological Society of America 
Memoir 64 (1956), p. 47-8. 
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Hamilton agreed with several other writers 
in the opinion that “isostatic adjustments, sedi- 
mentation, compaction, and rise of sea level 
are not adequate to account for the great 
depth to which the Mid-Pacific Mountains . . . 
have been submerged.” He concluded that 
only tectonic activity or crustal movement 
together with the above could have caused the 
deep subsidence found in the Mid-Pacific 
Mountains. 

In 1946 Hess revealed that in a fathometric 
survey of the mid-Pacific he had discovered 
the existence of at least 160 flat-topped sea 
mounts with summits ranging from 3,000-6,000 
feet below sea level.'* Subsequently, dredg- 
ings of some of these sea mounts brought fos- 
sils of six species of reef-building corals and 
one non-reef-building to the surface. Four of 
these are living on present-day reefs anc three 
became extinct in the Cretaceous period 
(69-72 million years ago).'’? This showed that 
as late as the Cretaceous period these sub- 
marine peaks were within 200-300 feet of the 
sea surface and that the great submergence of 
several thousand feet has taken place since the 
Cretaceous. Further evidence indicating the 
near sea level position of these guyots during 
Cretaceous time is provided by abrasion- 
rounded pebbles of basalt on a guyot adjacent 
to Bikini Atoll. 

Why numerous flat-topped, drowned sea 
mounts did not develop into present-day atolls 
while others adjoining them did may be 
explained by the following hypothesis: The 
peaks of the Mid-Pacific Mountains appeared 
above the surface of the sea during late Meso- 
zoic time. They were composite cones of lava 
and pyroclastic material or entirely pyroclastic 
and so were rapidly eroded to flat banks, with 
erosional sediments inhibiting coral growth. 
During about the Middle Cretaceous period 
coral became lodged on these flat banks, but 
were soon killed by rapid tectonic submerg- 
ence. Other and higher volcanoes that were 
not truncated by wave erosion were fringed 
with coral reefs, which also were drowned 
during the rapid subsidence. However, before 
these higher volcanic peaks sank below the 
growth range of reef corals, the subsidence 
slowed down sufficiently so that the rate of 


16H. H. Hess, “Drowned Ancient Islands of the 
Pacific Basin,” American Journal of Science, Vol. 244 
(1946), p. 772-91. 
17 Hamilton, op cit., p. 23. 


March 


reef growth was able to keep up with or su. 
pass the rate of subsidence. These then devel. 
oped into the present-day atolls in the classic 
Darwinian manner. This hypothesis would 
explain why islands such as Bikini, Eniwetok. 
and Kwajelein, apparently with untruncated 
basaltic foundations of uneven relief, devel. 
oped into atolls from the approximate depths 
of adjoining guyots which did not develop 
into present-day atolls. 

In any case, it is apparent that at one time in 
the geologic past, probably during the Cre. 
taceous, there were in the Central Pacific many 
times the present number of atolls dotting the 
expanses of the ocean, while the present-day 
atolls stood aloft among them as numerous 
steep-sided reef-fringed and barrier-encircled 
volcanic mountains. 

Such early island “stepping-stones” would, 
according to Hamilton, have offered “inter. 
mediate stops for shallow-water animals ad- 
vancing across great expanses of ocean. This 
is especially true of the best possibility for 
migration: transportation by currents during 
the larval stage.”'* This would help explain 
many of the faunal and also plant similarities 
now found on widely separated coral atolls in 
the Pacific. These early islands have been 
drowned, leaving today’s atoll pattern. 


THE ANTECEDENT PLATFORM THEORY 
OF ATOLL ORIGIN 


Although most atoll scholars concede that 
subsidence is an important fact in the expl- 
nation of atoll origins, subsidence is not invari- 
ably involved in the origin of atolls. It has 
been “satisfactorily demonstrated [by Hof. 
meister and Ladd] that some atolls of the Fiji 
and Tonga Islands have been formed over 
platforms not subject to extensive and long: 
continued down-warping.”’’ Ladd wrote: 

Briefly put, reefs can grow and have grown on all 
sorts of foundations: (1) on platforms of erosion— 
both on submerged coastal lands and on wave-cut 
platforms; (2) on platforms of deposition—on pyro 
clastic platforms, limestone areas, and on deltas of 
fluvial sediments, and (3) on lands submerged by 
down-warping, or by faulting, and on uplifted sec- 

tions of the ocean floor. . . . 

These broad generalizations may be recognized as 
the tenets of the antecedent platform theory. . . . The 


18 [bid., p. 51. ‘ 
19 Norman D. Newell, “Geological Reconnaissane! 
of Raroia (Kon Tiki) Atoll, Tuamotu Archipelago, 
Bulletin, American Museum of Natural History, Vol. 
109, Art. 3 (New York, 1956), p. 324-25. 
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Ladd] still insists that the antecedent plat- 


form eae is the only theory that explains all 
reefs... 


While there is no evidence from drilling to 

port this view, Shepard considered this 
idea as at least an important item in the his- 
tory of reefs.2! However, the great proved 
thicknesses of reef limestone appear to make 
this theory unsound at least for the Central 

ific atolls. 
ae the evidence of the drillings at 
Eniwetok and of seismic and magnetic sur- 
vevs of Bikini show that the basaltic founda- 
tions of these atolls are anything but even 
platforms and contain differences in relief on 
the order of 1.5 km.22 The magnetic studies 
point to the probable existence of eight vol- 
canic peaks comprising the basement material 
of Bikini, together with two volcanic craters of 
great depth apparently filled largely with 
calcareous sediments. The difference between 
the highest of these peaks and the bottom of 
the deepest of these craters appears to amount 
to as much as 7,000 feet.?# 

From these evidences, there appears to be 
little doubt that these and other atolls removed 
from recent volcanic islands were formed 
mainly through subsidence and were not built 
up from antecedent platforms. 


IMPORTANCE OF “GLACIAL CONTROL” 
IN ATOLL MORPHOLOGY 


In one of the most recent works on Pleisto- 
cene glaciology Flint wrote: 

We must admit that we know little as yet con- 
cerning the glacial control of sea-level. All we can 
discern at present is that the inferred fluctuations 
of sea-level seem to fit the pattern of the more 
recent fluctuations of glaciers and to promise closer 
comparisons as future study adds to our knowledge.2+4 


However, there appear to be eustatic 
changes of sea level that are unrelated to gla- 
cial causes, as Fairbridge indicated: 

°H. S. Ladd, “Recent Reefs,” Bulletin, American 
Association of Petroleum Geologists (1950), p. 213. 

1 Francis P. Shepard, Submarine Geology (New 
York: Harper and Brothers, 1948), p. 273. 

2M. B. Dobrin and B. Perkins, Jr., Seismic Studies 
of Bikini Atoll, U.S.G.S. Prof. Paper 260-J (1954), p. 
17; also R. W. Raitt, Seismic-Refraction Studies of 
Bikini and Kwajelein Atolls, U.S.G.S. Prof. Paper 
260-K (1954). 

3L.R. Alldredge, Fred Keller, Jr., and W. J. Dich- 
tel, Magnetic Structure of Bikini Atoll, U.S.G.S. Prof. 
Paper 260-L (1954), pp. 529-35. 

. Flint, Glacial and Pleistocene Geology 
(New York: John Wiley and Sons, 1957), p. 261. 
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From multiple sources of evidence, there seems 
general support for Zeuner’s theory of a nongla- 
cially controlled eustatic drop of sea level which 
lowered the relative world ocean several hundred 


feet during the course of the Pleistocene. Any 

climatically controlled hypothesis must allow for 

this additional factor.25 

It is clear that whatever the cause or causes, 
relatively rapid changes of sea levels did take 
place during Pleistocene times. Since both 
subsidence and glacial changes of sea level 
appear to be well established processes in the 
evolution of coral reefs, Kuenen proposed a 
combination of the two theories to explain 
atoll morphology. He termed this the theory 
of glacially controlled subsidence.”* 

This phrase is not entirely apt, since glacia- 
tion is not taken to have influenced the sub- 
sidence of atoll foundations, but merely the 
change in sea levels that operated in the mold- 
ing of atoll superstructures. The intent of the 
phrase is to indicate that subsidence did occur 
and that it explains the great thicknesses of 
reef limestone, the steepness of outer atoll 
slopes (practically all atolls are partly sur- 
rounded by slopes of more than 45° down to 
200 meters and possibly down to as much as 
600 meters ), the subsided central islands, and 
the barrier reefs. However, it also implies that 
the morphology of the upper several hundred 
feet results from reef building and erosion 
processes which in turn are related to glacially 
controlled rises and falls of sea levels. 

While the theory of “glacial control” during 
Pleistocene times requires the assumption of 
stability of the ocean floor, the theory of sub- 
sidence calls for a certain instability. These 
two opposing views can be reconciled if it is 
admitted that the tectonic and epeirogenetic 
movements are very slow compared to eustatic 
changes of sea level derived from glacial pro- 
cesses. The former seldom appears to exceed 
0.5 mm. per annum and generally is much less. 
Rise of sea level during the melting of the late 
Quaternary glaciers averaged 2-3 mm. and at 
times may have reached 10 mm. per annum.** 
’ If we may assume that atoll structures are 
substantially cut down during a glacial period, 
then the superstructure of present-day atolls 
may be taken to be related only to the last 
Pleistocene (Wiirm) glaciation. 

23. R. W. Fairbridge, personal communication, Janu- 
ary 1958. 

26 Kuenen, Two Problems of Marine Geology, . . . 
op. cit. 

*7 Kuenen, Marine Geology, op. cit., p. 475. 
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While there still is no complete agreement 
on the extent to which the sea level was low- 
ered during the last Pleistocene glaciation, it 
appears to have been approximately plus or 
minus 300 feet.28 This corresponds well with 
the maximum depths of the deeper atoll 
lagoons. However, the sea level of the last 
glaciation may have dropped as low as 450 
feet.?° 


CONDITIONS LEADING TO ATOLL 
LAND FORMATION 


An important question that is the crux of 
the problem of atoll land or reef islet forma- 
tion is whether there was a sea level during 
the Recent Epoch higher than that of the 
present. 

There are two different points of view on 
this. Flint asserted that certain “very scattered 
data” which he cited “suggest that the theory 
of a Hypsithermal [climatic optimum] sea- 
level higher than the present one is improb- 

po E. Zeuner, Dating the Past (London, 1952), 
‘ 29H. N. Fisk and E. McFarlan, Jr., “Late Quater- 
nary deltaic deposits of the Mississippi River,” in Sym- 
posium on the Crust of the Earth, Geological Society 
of America Special Paper 62 (1955). 
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able.”*° Newell pointed out that several geolo- 
gists have marshalled an impressive body of 
evidence from the Gulf Coast region of North 
America that casts doubt on an appreciably 
higher sea level during the Recent than that of 
the present.*! Shepard and Suess stated that 
sea level has been rising with minor halts and 
fluctuations since the last Pleistocene glacia. 
tion “without any indication of a post 
sea-level higher than that of the present” 
The latter statement, however, represents 4 
change from Shepard’s view in 1948 when in 
his book Submarine Geology he referred tp 
investigations of the islands of Oceania by at 
least seven marine geologists and “many 
others” who have shown the amazing reg, 
larity of occurrences of wave-cut benches 
standing at uniform heights around some coral 
islands and other relatively stable coasts im the 
Pacific, Atlantic, and Indian oceans. He then 
wrote that “probably one stand of the sea was 
about 25 feet above the present. A well 


30 Flint, op. cit., p. 263. 

31 Newell, op. cit., p. 335. 

32 Francis Shepard and H. E. Suess, “The Rate of 
Post-glacial Rise in Sea-level,” Science, Vol. 123 
(1956), p. 1082-83. 


A raised limestone pedestal at Ebon Atoll in the southern Marshalls. This appears to indicate @ 
Recent higher stage of sea level than that of the present. The tree growth is Pemphis acidula. 
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Fic. 3. This photo of typhoon damage at Jaluit in 1958 shows the effect of storm waves in piling up debris 
that might add to the land area on coral reefs. The debris is in the form of a bar separated from the old shore 


by the moat in the center. 


developed bench at about 5 feet is also recog- 
nized and has great regularity around the 
Hawaiian Islands. Obviously,” he concluded, 
“a sea-level change could alone account for 
these benches.” 

Investigators at Bikini agreed with this view 
in stating that “during the climatic optimum 
estimated to have occured 4-6 thousand years 
ago the ocean level stood 6 feet above the 
present level . . .”3 Cloud claimed that “the 
recent world-wide 6-foot fall of sea-level” may 
be amply documented, and he cited as one 
example the remnants of an elevated Helio- 
pora coral reef flat on Onotoa Atoll up to 2% 
feet above the inner edge of the present reef 
flat, as well as what he terms “elevated cobble 
stripes” 6-7 feet above the present reef-flat.** 
McKee found on Kapingamarangi Atoll “high- 
level remnants of stratified rock considered to 


Emery, Tracey and Ladd, op. ci 

% Preston Cloud, “Preliminary Report on the Geol- 
ogy and Marine Environments of Onotoa Atoll, Gilbert 


” Atoll Research Bulletin No. 12 (Dec. 15, 
1952), p. 47. 


antedate the latest fall in sea-level.”** 

Couthouy long ago wrote: “At almost every 
Paumotu [Tuamotu Atoll] visited, I found the 
shore of the lagoon raised from 18-30 inches. 
containing imbedded shells and corals stand- 
ing as they grew.”* Friederici also found 
marine shells in situ elevated one or two 
meters on two atolls, thus indicating an emerg- 
ence or a former higher sea-level.** 

During travels among the Marshalls atolls 
in 1956 the writer also found elevated rem- 
nants of what appeared to be island rock 
resting on the lagoon reef flat of Ebon Atoll.** 


35 Edwin McKee, “Geology of Kapingamarangi 
Atoll, Caroline Islands,” Atoll Research Bulletin No. 
50 (June 30, 1956), p. 11. 

36 Joseph P. Couthouy, “Remarks upon Coral For- 
mations in the Pacific,” Boston Journal of Natural His- 
tory, Vol. IV (1943-44), p. 137-44, 152-55. 

37 Georg Friederici, “Ein Beitrag zur Kentniss der 
Tuamotu Inseln,” Mitteilungen, Gesellschaft fiir Erd- 
kunde zu Leipzig (1910), p. 97-176, 

38 Herold J. Wiens, “The Geography of Kapingama- 
rangi Atoll in the Eastern Carolines,” Atoll Research 
Bulletin No. 48 (June 30, 1956), p. 6. 
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These were not “negro heads” tossed up by 
severe storms. They rose 5 to 6 feet above the 
reef flat at intervals in an obviously related line 
stretching over half a mile long. Individually, 
these “pedestals” were 30 to 40 feet long, 10 to 
20 feet wide (Fig. 2). Although only eye 
measurements were made of the height of 
their surfaces above mean sea level, their 
emergence is indicated by the fact that some 
of them supported stands of a halophytic tree 
generally found above high tide on atoll islets. 

Although at Raroia, Newell found that “the 
evidence of the erosion of the reef flat taken 
in conjunction with the general sterile appear- 
ance over great areas, suggests an appreciable, 
very recent uplift or drop in sea level of per- 
haps 15 to 20 mm.,”** he was unable to recog- 
nize evidence of a 5 to 6 foot terrace or of in 
situ reef material in elevated positions. He 
thought it “improbable that atoll islets invari- 
ably rest on a pre-existing reef flat,” and that 
islets may be formed on reefs by hurricanes 
without the necessity of negative movements 
of sea level. 


39 Newell, op. cit., pp. 341, 346. 


Fic. 4. A ground view of the same bar as shown in Figure 3. The view is seaward from the old land surface. 


That typhoons do build up land on atoll 
reefs appeared confirmed to the writer in an 
April 1958 visit to Jaluit in the southern Mar- 
shalls. Here, a typhoon in January 1958 had 
piled up coral debris up to 8 feet thick on the 
seaward reef flat over areas 50 to 150 feet 
wide and hundreds of yards long ( Figs. 34). 
The highest parts were about 4 feet above 
normal high tide. 

According to the writer’s observations in the 
Marshalls and the Eastern Carolines, in reel 
sectors where corals and coralline algae have 
just reached the water surface at low tide. 
there appears to be little accumulation of 
sand and gravels, and islets seldom occur 
Islets invariably occur in the middle and 
highest parts of the dead reef. It is at these 
elevated parts that sediments may be heaped 
by hurricanes or typhoons to form or t 
enlarge islets. 

Although an islet may not have an emerged 
reef remnant for its present foundation, this 
need not invalidate the contention suppo 
by Kuenen and others that “practically m0 
cays and ramparts could have been formed but 
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for the preceding emergence [of the reef].”*” 
In a study summing up a great array of data 
establishing tentative correlation of Postglacial 
radio-carbon dates and sea level changes, Fair- 
bridge concluded that there were several 
stands of sea level during the last 5,000 years 
higher than that of the present.*! In a study of 
terraces on the very stable coasts of Australia 
he showed definite 10-foot higher levels 
during the middle of the climatic optimum 
between 5,100 and 3,600 years before the 
present (B.P.). He also indicated a 5-foot 
higher level about 2,300 years B.P. and a 
2foot higher level about 750 years B.P. 
Emerged islets that rise on most reefs may 
be of sand, conglomerate debris, or solid 
rock.* The writer believes with Kuenen that 
“Kuenen, Marine Geology, op. cit. 
* Fairbridge, op. cit.; also by the same author, “A 
Contemporary Eustatic Rise in Sea-level?” Geograph- 
ical Journal, Vol. CIX (July-Sept., 1947), p. 157, and 


we — Seventh Pacific Science Congress, 


ne. “Recent and Pleistocene Coral Reefs 
— Journal of Geology, Vol. 58, No. 4 (July 

), p. 347. Also, R. W. F airbridge and C. Teich- 
ett, “The Low Isles of the Great Barrier Reef: A New 


Analysis,” Geographical 
June 1948), Journal, Vol. CXL (Jan. 


A hypothetical diagram of atoll development. 


“they have evidently been formed during a 
recent relatively higher stand of sea level,” 
and that present-day land areas may be largely 
attributed to the exposure of reefs following 
the fall of the sea near to the present level. 


A SUGGESTED HYPOTHETICAL CYCLE 
OF GROSS ATOLL MORPHOLOGY 


With the assumption of the above premises, 
the writer would like to suggest the following 
cycle of the morphology of atoll superstruc- 
ture, lagoon, reef flat, and land illustrated by 
the diagram in Figure 5. The lowest reef 
profile in the figure represents the hypotheti- 
cal stage at the end of the glacial low level. At 
this level the emerged reef, once standing 300 
feet or more higher, had been dissolved and 
eroded so that only remnants of the reef 
peripheral (A) and small lagoon promontories 
(D) stood much above the level of the sea. 
The lagoon bottom (C) at this stage had 
reached approximate sea level through degra- 
dation, with some depressions possibly slightly 
below sea level. Seaward subaerial erosion 
and wave abrasion had eaten tar into the old 
emerged reef to produce a fringing reef flat 
(B) with an outer algal ridge and a live reef 
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front. The submarine parts of the reef front 
on the windward side may have been eroded 
to a terrace (E) representing still earlier and 
lower sea levels. 

Assuming this picture of the eroded emerged 
atoll (in some cases represented at this stage 
by raised limestone islands) at the end of 
the last glacial low level, deglaciation follow- 
ing rising world atmospheric temperatures 
brought a rising sea level. With it occurred 
an upward growth of the reef along the entire 
fringing reef flat as well as a tendency toward 
an outward growth at the reef margins in lee- 
ward sectors. 

As water rose in the lagoon, sedimentation 
began filling in the lagoon basin. If there 
were gaps in the surrounding old reef, as 
there quite likely might have been, the influx 
of marine water brought the recolonization of 
the lagoon pinnacles with reef corals. These 
started their upward and lateral expansion 
with the rise in the water level, shedding sedi- 
ments around their base to add to those 
washed down from the surrounding reefs. 

At this stage reef growth would have begun 
on the rock of the old land rim, covering it 
with new growth, while foraminiferal sand 
and other debris now would have begun to 
wash over the old land to form sedimentary 
deposits on the lagoon slopes. Islets of a tem- 
porary type might have formed as storm 
deposits, smothering portions of the reef and 
slowing growth at such places. They would 
have been erased easily from the reef, since 
the sea level continued to rise. 

Because of the great width of the reef at 
this period, there would have been a differ- 
ential in the degree with which corals and 
corallines flourished in the different zones 
from seaward to lagoon side, especially on the 
windward reef. The seaward parts probably 
would have grown at a faster rate than the 
lagoon side. This would have been accentu- 
ated on the windward reef because of the 
smothering action of foraminiferal sands and 
other sediments moving lagoonward. The 
growth on the leeward reef in some situations 
might have been feeble and resulted in gaps 
or in parts of the reef lagging below the 
surface. 

When sea levels had reached their maximum 
(such as might have occurred during the cli- 
matic optimum) and then had fallen below 
the maximum, the exposed reef died and ero- 
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sion set in. This would have occurred both 
through solution by rainwater of the soluble 
limestone and through abrasion and othe; 
mechanisms of subaerial denudation. Sedi- 
ments washed lagoonward as well as down. 
slope seaward. Debris tossed onto the 

reef by storm waves formed beaches and ram. 
parts. A long standstill of sea level or fluctua. 
tions of the sea above and below this dead reef 
and the accumulations of sand and debris 
resulted in the cementation of the sediments 
into beach rock and “island conglomerate.” 

Simultaneously, wave and subaerial erosion 
began to plane a new reef flat, eating into the 
consolidated reef rock, island conglomerate 
and the unconsolidated heaps of rubble and 
sand. As the drop of sea level progressed, the 
accumulations of sediments would have per- 
mitted a fresh-water lens to develop, making 
place for plant life to take hold and to pro- 
duce a habitat for man, as in the present stage 
of atoll development. 

In the lagoon, a drop in sea level resulted in 
the planing of protruding coral knolls to sea 
level, which then formed patch reefs with flat, 
partially dead top surfaces. The lagoon floor 
received increasing sediment accumulations. 
This again would have increasingly restricted 
the dimensions of the lagoon. As more of the 
lagoon slopes emerged, the lagoon would have 
shrunk inward and become increasingly shal- 
low. In some places the seaward reef flat 
would have changed to a fringing reef flat. 
In the end, if a sufficiently long low-level 
standstill took place, a state of the reef some- 
what similar to the former low-level state 
would prevail. 

The above-described process is hypothetical, 
to be sure. In general, however, this appears 
to be about the way the overall morphology of 
atolls must have taken place. Such a picture 
at least may serve as a frame of reference for 
the examination of some of the details of the 
morphological process. 


THE RELATIVE ROLES OF DIFFERENT 
AGENTS OF REEF EROSION 


The importance of destructive forces tear- 
ing and wearing down atoll reefs and land 
hardly needs to be emphasized. However, 
much controversy continues as to the mannet 
in which the various parts of the atoll struc 
ture is denuded and demolished. Few data 
are available on the rates at which various 
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denude and destroy the parts of an 
atoll that they attack, so that the roles of dif- 
ferent erosion agents are difficult to evaluate. 

The writer agrees with Kuenen** and other 
atoll students that mechanical denudation is 
not a satisfactory explanation for glacial low 
level bevelling of the emerged reef, but that 
the destruction is accomplished through chem- 
ical solution by rainwater (vertically) and by 
intertidal seawater and other agencies (lat- 
erally). The highly eroded and honeycombed 
makatea (karst) surfaces of emerged atolls 
give ample evidence of the subaerial process. 
As to the extent of such low-level bevelling, 
Newell felt that only the smallest limestone 
islands were truncated during Pleistocene 
lows, pointing out that Pleistocene low level 
terraces in the Bahamas are rarely more than 
half a mile wide.** 

With regard to intertidal reef reduction, 
there is less agreement on the role of solution 
by seawater versus mechanical erosion, bio- 
mechanical erosion, and biochemical erosion. 
In a brief review of the problem of coral reefs, 
Ladd and Tracey** cited the observations of 
four prominent marine geologists concerning 
the importance of the geological evidence of 
widespread solution that is limited to the inter- 
tidal zone and particularly effective at low tide 
level. Some sort of solution process by sea 
water appears to be suggested. 

In attempts to record diurnal fluctuations of 
the carbonate content of surface sea water by 
systematic analyses for “hardness,” Newell and 
Imbrie obtained negative results.** Revelle 
and Emery also found from computations that 
the sea water from solution basins and reef 
flats apparently was supersaturated with cal- 
cium carbonate at all times and thus incapable 
of dissolving calcium carbonate at any time. 
On the other hand, they found this conclusion 
opposed both by the geological evidence and 
by the observed changes in alkalinity.” Their 
data showed that “the diurnal changes in 
alkalinity-chlorinity ratios . . . strongly indicate 
that intertidal solution of calcium carbonate 


+, Kuenen, Marine Geology, op. cit., p. 465. 
op. cit., p. 324. 

H. S, Ladd and J. I. Tracey, Jr., “The Problem of 
rey Scientific Monthly, Vol. LXIX (Novem- 
a Norman D. Newell and John Imbrie, “Biogeologi- 
Bank” ice in the Bimini Area, Great Bahama 
Ps Transactions, New York Academy of Science, 

- II, Vol. 18, No. 1 (1955), pp. 3-14. 
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does in fact take place.... The problem 
remains as to how solution can occur even 
though, in comparison with published solu- 
bility products, the water is apparently always 
supersaturated with calcium carbonate.” 
While conceding that various localized pro- 
cesses may occur, Revelle and Emery stated 
that “the universal solution of intertidal lime- 
stone suggests that something other than 
localized process is involved. ... It is con- 
cluded that either slow complexing with chlor- 
ide or sulfate or slow hydration and dehydra- 
tion are more probable explanations of the 
nightly solution of calcium carbonate by the 
apparently supersaturated basin water.”** 
While many marine geologists agree that 
“the testimony of geological observations 
appears to establish beyond doubt the solvent 
action of tropical surface waters on reef lime- 
stone,”*® there is some dissent, and there is 
less agreement about its importance relative to 
other erosion forces. Revelle and Emery’s data 
were derived from a study of tide-pools. New- 
ell, however, pointed out that “if solution by 
sea water is the dominant process, then it fol- 
lows that at times the waters of the entire reef 
flat must become sufficiently acid to dissolve 
the limestone, as undercutting is as pro- 
nounced on the reef flat as at the shore and 
the process is not peculiar to small enclosed 
basins.”>° 
Newell and Imbrie felt that biochemical 
and biomechanical erosion produced much of 
the erosion attributed by some to sea water 
solution. They stressed the importance of 
blue-green algae which in much of the lime- 
stone area penetrates rock surfaces to a depth 
of about one millimeter and which causes con- 
tact leaching. A host of shore animals feed on 
this algal cover and scrape away the softened 
rock in so doing, forming striations which vary 
with each species. This mechanical erosion is 
concentrated precisely in the intertidal zone 
where many of the mollusks do most of their 
grazing. They pointed out that rock-boring 
worms and the boring barnacles account for 
the removal of as much as 50 percent of the 
rock substances in the intertidal nick observed 
in the emerged rocks (Fig. 6) and that their 
47 Roger Revelle and K. O. Emery, Chemical Ero- 
sion of Beach Rock and Exposed Reef Rock, U.S.G.S. 


Prof. Paper 260-T (1957), p. 703-6. 
48 Tbid. 


49 Kuenen, Marine Geology, op. cit., p. 436. 
50 Newell, op. cit., p. 359. 
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Fic. 6. The intertidal nick has deeply undercut this raised limestone pedestal, which is the same pedestal 
as that shown in Figure 2. 


burrows enormously increase the susface area wrote that “the myriads of fishes that scrape 


of attack by other agencies.*" and break off bits of coral and coralline algae 
In his study of Johnston Island, Emery during their feeding result in the production 


~ 51 Newell and Imbrie, op. cit., p. 10. and transportation of sediments in quantities 
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ATOLL DEVELOPMENT 


AND MORPHOLOGY 


mean sea level, but grows peripherally until it coalesces with other corals or rocks. 


that may rival the amounts produced and 
transported by waves and currents.”°* 
Newell also asserted: 

It is noteworthy that the deepest part of the 
shore notch of the pedestal rocks of the reef flat on 
Raroia is not at an intermediate level within the 
intertidal zone, as might be expected if erosion were 
accomplished mainly by inorganic solution by sea 
water or solely by algal leaching. Instead, it lies 
at the high water level (see also Kuenen, Marine 
Geology, p. 435). Direct solution by sea water may 
be a factor, and algal penetration of the rock doubt- 
les is signifiant, but these are not dominant 


From the preceding discussion, it is obvious 
that there are at least two schools of thought 
on the dominant agent of erosion of limestone 
reefs and islands: one believes sea water solu- 
ton is most important; the other that various 
forms of mechanical, biochemical, and bio- 
ical erosion are most important. There 
sno doubt that a combination of these agents 
is involved. 

2K. O. Emery, “Marine Geology of Johnston Island 


aad Its Surrounding Shallows, Central Pacific Ocean,” 


Bulletin, Geological Society of America, Vol. 67 
(November 1956), p. 1513. may 


IMPORTANCE OF MECHANICAL AND 
HYDRAULIC EROSION 

In addition to erosion derived from solution 
and from organic agencies there are a number 
of purely mechanical forms of erosion that are 
highly important. The erosion of the deep 
grooves of the reef margin differs from that of 
the shallow reef flat, and both differ from that 
of the islet beach-lands and of the loosely con- 
solidated island sediments. The hydraulic 
breaking off of reef blocks along the reef mar- 
gins is of still another order. While data are 
lacking for evaluation of the importance of 
each process on a quantitative basis, observ- 
able evidences of the importance of mechani- 
cal erosion can be presented. 

An aerial photograph examined by the 
writer shows a type of exfoliation process on 
the lagoon reef flat off Aineman Islet of 
Jaluit. This tvpe of erosion could occur where 
layers of Heliopora corals (Fig. 7) expand 
laterally upon a previous layer of reef that is 
overlain with a thin sheet of foraminiferal 
sand. On the lagoon reef flat at Ebon Atoll 
the writer examined and photographed an 


, Fu. 7. The “micro-atoll” of Heliopora coral on the shallow reef flat is limited in its upward growth by 2 
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Fic. 8. Heliopora colonies that have grown peripherally and resulted in a sheet overlying foraminiferal sand 


on the lagoon reef flat at Ebon Atoll. 


area of several thousand square yards covered 
by a continuous “sheet” of this coral resulting 
from the coalescence of numerous colonies 
(Fig. 8). Because of sediments several inches 
thick separating this layer from the lower reef 
rock, it would appear to require no great force 
of wave power to hydraulically scale off parts 
of such a rock layer unless it has become 
firmly cemented to its base. 

More impressive are the examples of sea- 
ward wave-erosion. The results of this are 
represented by the huge blocks broken off the 
reef front and tossed onto the reef flat. At 
Bikini®* they were normally in 5- to 10-cubic- 
feet blocks, but some blocks were 20 to 30 feet 
long and more than 10 feet thick. Some blocks 
of this type have been washed 100 to 300 feet 
shoreward as in the example observed by the 
writer at Jaluit (Fig. 9). Their occurrences 
have been reported on many reefs. 

While relatively few of the larger blocks are 
tossed up onto the reef flat, undoubtedly these 
few represent but a small fraction of what is 
broken off to sink down onto the atoll slopes. 


53 Emery, Tracey and Ladd, op. cit., p. 32. 


At Bikini slumped sections of the reef as much 
as 40 feet long lie on the shallow terrace that 
fringes the seaward edge. At the margin, cdl- 
lapsed sections of the reef that rest on sub 
marine terraces are indicated by matching 
re-entrants up to 500 feet wide and extending 
25 to 200 feet into the reef. 

In April of this year the writer had a 
opportunity to examine the morphological 
effects of the January 1958 typhoon Ophelia 
upon Jaluit Atoll. On several miles of the 
southeast seaward reef flat coral rubble had 
been piled into “bars” (Figs. 3, 4). These 
were almost wholly exposed at low tides when 
the highest sections of the bar reached a thick- 
ness of about 8 feet, or some 4 feet above 
normal high tide. The width ranged between 
20 and 150 feet, and they stretched intermt- 
tently for many miles, separated from the old 
islet shores by 50 to 200 feet of the reef flat 
and old beach rock. 

Local inhabitants stated that the reef rubble 
piled up in these bars smelled strongly of rot 
ting reef organisms after the storm, so that 
fresh materials from the live reef must have 
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Fic. 9. Two blocks of reef rock standing about six feet high, seven feet long, and five feet thick were 
photographed some 150 feet inshore of the reef margin from which they were torn by storm waves. 


formed a large part of the rubble. Examination 
of the material by a marine geologist®* con- 
firmed this view, although it was found that 
gravel constituents of the old land surface also 
formed part of the rubble in the bar. 

We may conclude, therefore, that the reef 
margin suffered severe hydraulic erosion, 
although some of the debris may have come 
from the base and lower parts of the surge 
channels. In short, the attrition of the reef 
margin and adjoining areas through this 
mechanical and hydraulic erosion must be 
enormous even though much of it may be 
accomplished only by rare storm waves. 


LAND SCOUR AND CHANNEL FORMATION 


Emerged island rock remnants on the se2- 
ward sides of islets and in the inter-islet chan- 
nels on coral atolls show the most marked 

ects of erosion on the fringes rather than on 
their upper surfaces (Fig. 10). Former large 
patches of island rock have been cut across 
from sea to lagoonside often in ribbon-like 


strips corresponding to the orientation of tidal 
ow lines. 


“A. H. Banner of the University of Hawaii. 


If chemical solution is conceded to be the 
chief agent of their erosion, it would seem that 
the upper surfaces should erode just as rapidly 
as the fringes, since the entire surface is inter- 
tidal, and no ribbon-like channels or raised rock 
strips should result. The latter, however, could 
conceivably result from storm scour where the 
reef margin has deep re-entrants leading to an 
uneven distribution of erosive wave force. 

At Raroia Atoll, Newell spoke of angular 
clefts or notches in the reef which he termed 
incomplete channels.*» Several aerial photo- 
graphs shown indicate the mechanical nature 
of the erosion which corresponds to the head- 
ward erosion in a stream or gulley. The writer 
also observed several similar features resulting 
from typhoon Ophelia at Jaluit. Delta fans 
derived from outwash of this type of erosion 
appear in aerial photographs of Taongi Atoll 
in the northernmost Marshalls (Fig. 11). The 
advanced result of this erosion by water pour- 
ing across an islet is the slivering of large 
islets into numerous small islets, a familiar 
occurrence on most Central Pacific atolls. 


55 Newell, op. cit., plates 34 and 35. 
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Fic. 10. Imejwa Islet on the northwest reef of Likiep Atoll, northern Marshalls. The erosion of the land 
appears to be related to the orientation of tidal currents or to storm waves across the reef. A formerly much 
larger land area has been fragmented and reduced. (Aerial photo. ) 


THE EROSION OF REEF MARGIN SERRATIONS 


The serration of windward reef margins on 
the seaward side is familiar to all students of 
atoll structures and is evident on any aerial 
photograph of such reef sectors in calm 
weather (Fig. 12). The origin of the groove 
and spur forms of these serrations still is in 
dispute. The importance of the live outer reef 
margin has long been known. Darwin wrote: 

Should the outer and living margin perish, of 
any one of the many low coral islands, round which 

a line of great breakers is incessantly foaming, the 

whole, it is scarcely possible to doubt, would be 


washed away and destroyed in less than half: 

century.56 

The system of grooves and spurs play a vitd 
part in the function of the outer reef as: 


breakwater: 
Near their outer ends, which extend to the mat 


mum depth of appreciable wave action . . - the 

interfere with the normal orbital water motion asso 

ciated with waves on a sloping bottom by talant 

the bottom” out from under the waves; at the ime 

56 Charles Darwin, The Structure and Distribution 
of Coral Reefs (3rd ed.; New York: Appleton ani 
Company, 1889), p. 86. 
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Fic. 11. A gravel fan resulting from a storm channel crossing an islet on Taongi Atoll in the northern 
Marshalls. (Aerial photo. ) 


end they pursue a “divide and conquer’ policy. 
The resulting effect upon waves is remarkable.57 
The distribution of the grooves along the 
reet margin can be correlated with the distri- 
bution of wave power around the atoll, being 
most developed where wave power is greatest 
(Fig. 13). The grooves have depths of 35 to 
© feet and run up the reef slope through the 
surf zone; they may end abruptly or be con- 
tinued as surge channels (Fig. 14) or as 
tunnels with blowholes opening from under 
the reef flat. Just inside the surf zone and 
around the heads of grooves and blowholes the 
Walter H. Munk and Marston C. Sargent, Adjust- 


ment of Bikini Atoll to Ocean Waves, U.S.G.S. Prof. 
Paper 260-C (1954), p. 275-80. 


growth of corals and coralline algae ( Litho- 
thamnion) rises one or two feet above the reef 
level’ shoreward. The upper surface of the 
spurs between the grooves is covered with 
living Lithothamnion which presents an 
extremely rough face. The sides of the grooves 
are covered with bracket-like colonies of the 
same algae, while the bottoms consist of rela- 
tively smooth rock and sand. At Bikini the 
grooves examined are spaced about 25 feet 
apart, are about 16 feet deep at their inner 
ends, and vary in width from 3 to 6 feet.>* 
Newell found the groove and spur system at 
Raroia very like the one at Bikini. 


58 Ibid. 
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ra In explaining this phenomenon, Kuenen 
wrote: 

At first the trenches might be explained as ero- 
sion forms, scoured by the waves in the rock of the 
reef. Several observations show, however, that they 
have been formed by growth. The covering with 
live nullipores, the formation of tunnels, the trans- 
verse connections at right angles to the rush of the 
waters, and, finally, the absence of sand and other 
erosional tools around the blow holes, all testify to 
the absence of mechanical wear.5® 
Kuenen is supported by some other students 

of marine geology” in the view that the phe- 
nomenon represents a constructional form 


59 Kuenen, Marine Geology, op. cit., p. 431. 
60 Emery, Tracey and Ladd, op. cit., p. 26. 


Fic. 12. A section of the northern reef of Arno Atoll in the Marshalls which appears to show the origin of 
the seaward surge channels leading to the submarine serrations of the reef margin. The light streaks under 
water indicate where sediments have accumulated in the grooves. (Aerial photo. ) 


developed by outward growth of Lithothan- 
nion. However, as Newell pointed out: “Its 
not at all clear just how processes of organic 
accretion could produce the serrate reef front 
In fact, Kuenen’s statement has certain weak 
nesses that defeat its argument. 

In the first place, if these features resulted 
chiefly from growth, the grooves would al 
terminate at the reef front instead of trans 
gressing the reef edge to continue inward # 
surge channels or as tunnels under the ree! 
surface (Fig. 12). The surge channels sunk 
in the reef flat certainly could not be r 
as constructional features. Secondly, the cov 
ering with live nullipores is over the ridges 
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Fic. 13. This shows a portion of the leeward reef at Rongelap Atoll, northern Marshalls. The irregularly 
indented reef margin, at right, more exposed to the prevailing currents and stronger waves, contrasts with the 
smooth reef margin in the protected sector at left. (Aerial photo. ) 


buttresses between the grooves and along their 
sides, not along the bottom of the grooves 
where active erosional tools in the form of 
sand and gravel operate. Moreover, Kuenen 
himself stated: “Despite the strengthening 
influence of encrusting Lithothamnion on the 
reef structure in the breaker zone, there can 
be little doubt that, for the reef mass as a 
whole, growth is greatly retarded by the pres- 
ence of these almost stationary veneers.”*! 
Since the live nullipores prevent the growth of 
coral, the only significant growth agency con- 
sists of the nullipores which Kuenen says 
constitute almost stationary agents. 

_The formation of tunnels may result from 


5 Kuenen, Marine Geology, op. cit., p. 422. 


algal growth covering the troughs, but the 
trough itself must have been scoured out by 
erosion, possibly initiated during an emergent 
period. If this was the case, solution erosion 
by rain water runoff may be postulated to 
account for both furrows and tunnels. Roofing 
over of the troughs occurs only where they are 
narrow (Fig. 15). According to Newell, while 
the channels are lined at the rim by small 
corals and blisters of Lithothamnion “the 
lower walls and floor, however, are scoured by 
sand and gravel as are those of the outer 
grooves... . The coralline algae are not... 
very active in the gloomy recesses of the cav- 
erns where erosion clearly is dominant and 
accretion is at a minimum.” 


62 Newell, op. cit., p. 346. 
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Fic. 14. This is a reef-flat view of surge channels flanked by rough-surfaced Lithothamnion algal ridges zt 


Majuro, Marshall Islands. 


The absence of sand or other erosional tools 
around blowholes most likely may be attrib- 
uted to inadequate or inopportune observation, 
since this observation generally is possible 
only at low tide when the force of the surge 
might not carry sands and gravels from the 
bottom of the grooves through the blowholes. 
During high tide when the deeper, stronger 
water movement might bring sands out of the 
blowholes, such sediments would be removed 
from their vicinity by the tidal currents. 

In an earlier day Agassiz noted that “we 
find the same digitating channels worn into 
the sea face of the reef platform cutting the 
outer edge into knolls which are gradually 
undermined at the sea face of the reef plat- 
form, and finally are broken off in large 
masses. . . .”"°% He viewed the process as a 
mechanical one. Newell regarded the surge 
channels as headward extensions of the outer 
grooves being cut and deepened by gravel 
scour and stated that all the Raroia examples 


63 Alexander Agassiz, “The Coral Reefs of the Trop- 
ical Pacific,” Memoirs of the Museum of Comparative 
Zoology (Cambridge, 1903), p. 97. 


contain potholes filled with rounded cobbles 
and pebbles.** The investigators at Bikini 
conceded that “there is no evidence that the 
algae are roofing over or otherwise filling the 
grooves,” whereas, “the waves remove much 
material from the reef in small pieces which 
are transported down the grooves and down 
the terrace.”*° Such a movement could scour 
out troughs across the reef flat and might lead 
to the development of surge channels and 
grooves. 


THE FORMATION AND ROLE OF 
BEACH ROCK ON ATOLLS 


Once land is formed, whether through reel 
emergence or subsequent deposition of stom 
debris, its preservation is greatly aided by the 
growth of terrestrial vegetation and the devel: 
opment of beach rock. The roots of vegetation 
help to hold the loose debris together. Marine 
birds roosting in bushes and trees drop guano 
which in time may develop phosphatic cemen- 


64 Newell, op. cit., p. 346. 
65 Emery, Tracey and Ladd, op. cit., p. 25-26. 
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Fic. 15. Inshore from the reef margin, the surge channels narrow and at the narrowest places they may 


become bridged over with calcareous Lithothamnion. 


ingamarangi Atoll. On Kwajelein the writer 
found an example of dipping, well stratified, 
and partially consolidated beach rock on the 
seaward and windward side of an islet. This 
undoubtedly showed beach rock in the forma- 
tive process, since pieces could be broken off 
by a blow of the hand. The sand, however, 
was welded together firmly enough to pre- 
serve the shape of the pieces broken off. 

Much of the beach rock found in the Mar- 
shalls and Carolines appears to be of old 
origin. Ground examination in these areas 
revealed that beach rock remnants were fre- 
quently found on reef flats far to the seaward 
of present islet shores. Their general lagoon- 
ward dip indicates that at one time they were 
situated on the lagoon side of islets which 
have since migrated from their original posi- 
tion nearer the seaward reef margin. Figure 
16 shows that beach rock also forms on sea- 
ward sides of islets. 


ATOLL LAND-BUILDING AND LAND-DESTRUCTION 


The nature of the building of atoll land 
a brief mention. Those who have 


tation of underlying loose sediments, thus 
further consolidating the land. 

Beach rock (Fig. 16) on atolls originates 
from calcareous sand and gravel laid down in 
successive layers, mostly on the lagoon beaches 
of islets. It generally dips lagoonward at such 
sites and shows a stratification indicating the 
nature of its origin. Consolidation of beaches 
into rock through cementation processes pro- 
vides a protective armor for the loose sediments 
of atoll land, slows down wave scour, and 
reduces danger of storm-wash of islet soils. 

While it is known that the cementing 
material that binds sand and gravel into beach 
rock consists of calcite with or without aragon- 
ite, the process of how it is formed is still 
unclear.** Beach rock may form very rapidly, 
apparently in as short a time as a single season 
or year.** The writer has seen shell cases from 
World War II firmly cemented in and partly 
covered by consolidated sediments on Kap- 


66 K. O. Emery and Doak C. Cox, “Beachrock in the 
Hawaiian Islands,” Pacific Science (October 1936), 
p. 382-402. 

67 Kuenen, Marine Geology, op. cit. p. 434, 


March 1959 DEVELOPMENT AND MorPHOLOGY 51 
ing the 
much 
1 scour 
ht lead 
1s and 
h 
storm 
devel 
evel- 
Marine 
guano 
» 


Fic. 16. This view of a part of Rongelap reef, northern Marshalls, shows a strip of overlapping layers of 
beach rock on the seaward side of a sand-cay. It probably once formed the beach of a larger islet. On the 
lagoonside strandline seeds washed ashore have grown into a line of shrubs. (Aerial photo. ) 


examined atoll islets have often found that 
their topography exhibits interior depressions 
which lead to higher rims. These have simply 
resulted from the formation of surrounding 
beach ramparts and ridges. On the seaward 
side and the exposed channel sides the stronger 
waves throw up ramparts of coarse boulders 
and gravels that generally form the highest 
natural parts of the land surface. Sometimes, 
two or more parallel or concentric ramparts 
may occur (Fig. 17). Blocks up to 35 inches 
in diameter may be carried onto the top of 
such ridges by storm waves.** 

Hedley, who studied Funafuti, contended 
that islets grow in this manner peripherally 


6% McKee, op. cit., p. 8-9. 


seaward as well as lagoonward.® While this 
may represent temporary advances seaward 
following a storm, the state of the seawarl 
shores of most atoll islets observed by the 
writer and examined in aerial photographs 
convey an impression of severe net erosion. 
Newell® and McKee"! both provide evidence 
showing that the seaward sides of the islets 
Raroia and Kapingamarangi have been wear 
ing away rather than building seaward. 
While the retreat of the seaward shorelines 


69 C. Hedley, “A General Account of the Atoll of 
Funafuti,” Australian Museum Memoirs III (Sydney, 
1896-1900), pp. 14-15. Atoll 

70 Norman D. Newell, “Expedition to Raroia, 
Research Bulletin No. 31 (November 30, 1954), P- 16. 

7. McKee, op. cit., p. 68. 
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Fic. 17. These triple cobble ramparts were built by storm waves high above the normal reach of tide waves 
at Utirik Atoll, northern Marshalls. They are part of a large area 200 feet wide by 2,000 feet long piled 
with cobbles and boulders thrown up from the reef margin. 


may be a geologically rapid process, it appears 
telatively slow compared with the current 
land-building lagoonward. This is not to say 
that the rare typhoon may not in a few hours 
upset the land-building of scores of years. 
Nevertheless, examination of land areas once 
destroyed on Arno Atoll indicated the rapidity 
with which the land was rebuilt.*? Typhoons 
as well as normal wave action may pile up 
debris to form new land. 

Most of the recent land additions observed 
by the writer in the Marshalls and Carolines 
were constructed of foraminiferal sand and 
pebbles added along lagoon shorelines. Moder- 
ately strong wind-driven currents and waves 
are able to accumulate and pile up such sedi- 
ments. On the windward shores of lagoons 
strong winds may build up a succession of 
dune ridges. Generally, however, the concen- 


"Earl L. Stone, Jr., “The Soils of Arno, Marshall 


iS re) Research Bulletin No. 5 (November 


tric ridges of sand have built lagoonward, 
often pushing the lagoon shore into deep 
water. 

With a topography that falls inward from 
the rims to a central depression, most islets of 
sufficient size during a period of rising sea 
levels ultimately would develop swampy 
interiors. 


THE FUTURE OF MAN'S HABITAT 
ON CORAL ATOLLS 


In looking at the past records of fluctuating 
sea levels, one can see Pleistocene levels as 
much as 100 meters or over 300 feet above the 
level of present atoll surfaces.** During as 
recent a time as only 3,600 vears ago, the 10- 
foot higher sea level claimed by some marine 
geologists™* would have submerged most pres- 
ent-day atoll land surfaces. We may still be in 

73 Zeuner, op. cit., p. 145. 


74 Fairbridge, “A Contemporary Eustatic Rise in 
Sea-level?” op. cit., and “Marine Erosion,” op. cit. 
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the midst of an “interglacial period” that has a 
long-time trend toward a warmer earth,” or 
we may have reached a leveling off plateau of 
climatic fluctuations that will see little change 
in sea level for many centuries. Looking 
toward the future climate, one oceanographer 
thought that a prophetic glimpse might be had 
by extending toward the future the insolation 
curve he obtained in his study of Pleistocene 
temperatures: “If its trend during the last 
10,000 years continues, an insolation minimum 
may be expected to occur in about 10,000 
years, when the northern lands will have com- 
pleted their isostatic recovery. Conditions will 
then be favorable for the inception of a new 
ice age.”*® 

Projecting these facts and speculations in 
terms of the future of atoll land, the writer 
finds man’s Pacific atoll habitat facing an 
uncertain and probably gloomy “short-term” 
prospect. In the next 5,000 to 6,000 years it is 
possible that periods of rising sea levels may 
inundate most present atoll land and possibly 
destroy most present reef islets. 

During the first half of this century, the 
rise in sea level has been at the rate of about 
11 cm. per century.” Aerial photographs of 
atoll reefs and islets appear to show that recent 
rises in sea levels already have resulted in the 
erosion of much land surface and the gradual 
scouring away of land on the seaward side. 
Were the earth’s temperatures to increase or 
even to maintain the present higher state, and 
the sea level to rise at the same rate as during 


7 Rachel Carson, The Sea Around Us (New York: 
The New American Library, 1954), p. 65. 

76 Cesare Emiliani, “Pleistocene Temperatures,” 
Journal of Geology, Vol. 63 (1955), p. 538-78. 

77 B. Gutenberg, “Changes in Sea Level, Postglacial 
Uplift, and Mobility of the Earth’s Interior,” Bulletin, 
Geological Society of America, Vol. 52 (1941), pp. 
721-72. 


the past half-century, within a thousand year 
most atoll land would be awash. While, ten, 
porarily, the rate of land-building lagoonwarj 
exceeds the rate of land erosion on the sea. 
ward shore, the migration of the land ar; 
lagoonward that is taking place, if continue 
“will probably end with their being pushed 
back across the reef into the depths of the 
lagoon.”** 

On the other hand, with the definite onset of 
continually decreasing earth’s temperatures as 
forecast for the “long-term” future, the renewed 
glaciation then will result in ever-emerging 
land areas, a much enlarged and safer habitat 
for man and for other terrestrial life on Pacific 
atolls. Enlargement will result from the avail- 
ability of the entire present reef flat and much 
of the lagoon slopes for vegetation growth, 
although a makatea (karst) surface may re- 
der parts of it productively unusable. Greater 
safety will result for man and other terrestrial 
life because the increasing elevation above sea 
level will make such land less susceptible to 
destruction by typhoon swells and tidal waves. 

Moreover, now fragmented and _ isolated 
islets will become amalgamated and form a 
more or less continuous strip of land around 
the central lagoons, which will become prw- 
gressively smaller. Passes into lagoons wil 
become shallower, and most lagoon bottoms 
eventually may also emerge and become dry 
land. Except for now-submerged or drowned 
atolls and reefs which may then emerge and 
add to the land area in the Pacific, present 
atolls then will cease to exist as such and wil 
become “high” or emerged limestone islands. 
In this way the strategic sheltering harbor 
will become useless, while the steep-to coasts 
will make off-shore fishing and transportation 
extremely difficult and dangerous. 


78 Kuenen, Marine Geology, op. cit., p. 447. 
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BASIC CONCEPTS IN THE ANALYSIS OF SMALL URBAN CENTERS 
OF MINNESOTA 


JOHN W. WEBB 
University of Minnesota 


TUDIES in urban geography have been 

handicapped by the general lack of a 
method of measuring and classifying the 
functions or activities of towns. Occasionally 
attempts have been made at presenting such a 
method, but at the present time none has been 
generally accepted. This paper does not pre- 
tend to solve the many problems of functional 
qnalysis and classification, although it does 
point the way to an approach not usually 
taken, Following a brief survey of methods 
thus far put forward, the basic concepts on 
which functional classifications are built will 
be examined. From this examination a method 
for the measurement of functions will be 
derived and applied to the small urban centers 
of Minnesota. 

Methods thus far presented have been com- 
piled from a number of different bases. Some 
of them, including that of Aurousseau,! have 
been assembled from general observations and 


expressed in the form of lists of types. Such 
lists are, in effect, expressions of the concept 


of functional differentiation. As illustrations 
of this concept such classifications are of great 
value, but their usefulness tends to diminish 
when they are applied to particular instances. 
The finality of such terms as manufacturing 
town, retail trade center, and mining town 
seems to exclude the possibility that a mining 
town may also have a significant function as 
a retail trade center or as a manufacturing 
town. The type list, therefore, offers little 
assistance in the analysis of the varying impor- 
tance of activities in individual towns. 

Other classifications, most notably that of 
Harris,? have illustrated the concept of func- 


'M. Aurousseau, “The Distribution of Population: 
A Constructive Problem,” Geographical Review, Vol. 
Il (1921), pp. 563-93. 

*C. D. Harris, “A Functional Classification of Cities 
in the United States,” Geographical Review, Vol. 33 
(1943), pp. 86-99. More recently the techniques 
_ by Harris have been used with more recent 
; by J. F. Hart, “Functional and Occupational 
tructures of Cities of the American South,” Annals, 
Association of American Geographers, Vol. 45 (1955), 
Pp. 269-86. In his Economic Map of Europe (Stock- 
holm, 1952), W. William-Olsson makes a number of 


tional differentiation by using statistical stand- 
ards applied commonly to groups of urban 
places. Harris based his classification on the 
function which is of the greatest importance, 
examining the occupational structure of cities 
of well-defined types, and applying the results 
he found as standards by which he could 
classify other cities. 

In a paper on the functions of towns in New 
Zealand, Pownall has used deviations from the 
arithmetic means of occupational groups in 
towns of different size classes.* In using this 
method he has found a valuable way to exam- 
ine the varying importance of a particular 
function in a number of towns. In later papers 
Nelson’ and Steigenga® have developed the 
use of arithmetic means. Using the standard 
deviation as a statistical tool they were able to 
measure urban specializations of cities in the 
United States and the Netherlands by an 
objective standard. 


BASIC CONCEPTS IN THE FUNCTIONAL 
ANALYSIS OF URBAN PLACES 


It is necessary, at the outset, to analyze two 
theoretical conditions under which the phe- 
nomena of urban function may be developed. 
These viewpoints may be termed (1) isolated 
urban society and (2) integrated urban society. 
By isolated urban society we mean nucleated 
settlement with differentiated functions, but 
with no contacts with other urban settlements. 
By integrated urban society we mean a series 
of nucleated settlements with differentiated 
functions, each in full communication and free 
exchange of goods and services with other 


arbitrary definitions as to the nature of service cen- 
ters, manufacturing towns, etc., thus using another 
example of the technique devised by Harris. 

3L. L. Pownall, “The Functions of New Zealand 
Towns,” Annals, Association of American Geograph- 
ers, Vol. 43 (1953), pp. 332-50. 

4H. J. Nelson, “A Service Classification of Ameri- 
can Cities,” Economic Geography, Vol. 31 (1955), 
pp. 189-210. 

5 W. Steigenga, “A Comparative Analysis and a 
Classification of Netherlands Towns,” Tijdschrift voor 
Economische en Sociale Geografie, Vol. 46 (1955), 
pp. 105-19. 
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urban settlements in the same series. These 
two viewpoints are not put forward as an 
exclusive definition of urban place and society, 
for they are purely hypothetical concepts and 
are not found in any observed phenomena. 
They do, however, provide us with a basis 
from which some observations regarding 
functional analysis can be made. 

To illustrate isolated urban society we shall 
use the hypothetical postulation of von Thiinen 
in Der isolierte Staat.' The central city of von 
Thiinen’s state is located in the center of 
an abstraction of circular form, which has a 
homogeneous soil, climate, and other natural 
conditions. The urban area performs all the 
functions necessary in such a situation. It is 
the only market in the state and is the origin 
of all manufactured and mined products. With 
a developed economy, such as von Thiinen 
postulated, distance in terms of transportation 
costs would determine the type of activity 
carried on in various parts of the rural area. 
We can expand the illustration somewhat. The 
central city would become the epitome of the 
isolated urban place. Cut off from similar 
settlements serving other rural areas, it would 
exhibit a diversity of occupation dependent on 
the multiplicity of functions which the econ- 
omy requires. Groups of specialists, each 
providing a unique service, would use the 
services of other specialists, the groups being 
of a size relative to the importance of their 
various services in the economy. 

The functions of the city and the concom- 
itant diversity of occupations would be 
duplicated again and again in other urban 
centers each located in similar isolated states 
and each exhibiting similar economic charac- 
teristics. Such a group of cities would have 
similar functional characteristics. This situa- 
tion is envisaged in Figure 1, which illustrates 
the concept of urban isolation. The four cities 
have similar functions and similar relations to 
their respective rural areas. To examine the 
functional structure of such urban societies it 
would be necessary to analyze the internal 


6On the general usefulness of hypothetical cases 
and on the particular usefulness of von Thiinen’s pos- 
tulation, see L. Waibel, Probleme der Landwirt- 
schaftsgeographie (Leipzig, 1933). 

7J. H. von Thiinen, Der isolierte Staat (Rostock, 
1842). See Johann Heinrich von Thiinen: Ausge- 
wihlte Texte, Die grossen Sozialékonomen, Band VII 
(Wiesbaden, 1951), pp. 111 ff. 


Fic. 1. Four urban places isolated from each 
other, with similar functional characters. 


functional nature of the individual city. The 
importance of a particular function would be 
measured in its status relative to other func- 
tions. Thus the importance of function A in 
one of the towns can be measured by a com- 
parison with functions B, C, and D in the 
same town. Statements regarding the func- 
tional structure of one city would be valid as 
illustrations of the functional nature of all the 
cities. 

Although a situation such as that postulated 
is hypothetical and cannot be found in con 
temporary or historical phenomena, examples 
from reality may be cited which illustrate the 
concept. These can be taken from pre-indus- 
trial western society, or from areas, where, at 
the present time, the industrial revolution with 
all its sweeping changes in commercial and 
transportation relationships has not yet arrived. 
Existing in comparative isolation one from the 
other there was often little contact of economic 
significance between the urban places ¢ 
medieval Europe. Each had its own groups of 
specialists who performed the functions needed 
by the culture and its economy. Some raW 
materials, luxury goods, and ecclesiastical and 
temporal authority might come from the world 
outside, and some surplus production might be 
collected together and exported in the form of 
goods or taxes, but by and large many of the 
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Fic. 2. Four urban places in an integrated urban 
complex, each town having a functional specialization 
of its own. 


cities existed in comparative isolation.* Here, 
as in the hypothetical illustration, the func- 
tional nature of urbanization could best be 
discovered by the analysis of the internal 
functional structure of the cities, each being 
treated as an isolated unit. 

A situation such as that envisaged in the 
concept of the isolated city and illustrated in 
Figure 1 does not provide an adequate frame- 
work for the examination of the functional 
nature of urban settlement in regions where 
industrialization and economic integration 
have progressed the farthest. A fresh view- 
point is needed to counterbalance the isolated 
city concept. To obtain this view we shall 
postulate a situation in which a number of 
urban areas, spatially separated from one 
another, are in complete economic association 
each with the others. The significance of dis- 
tance is eliminated as a factor in the perform- 
ance of functions. The diversity of occupa- 
tions, and thus of functions, which was so 
characteristic of the isolated cities, has disap- 
peared. Each town now performs one function 
only, and all of its economically active popula- 


* For descriptions of the nature of urban society in 
medieval Europe see E. Benson, Life in a Medieval 
City (London, 1920); H. Pirenne, Medieval Cities; 
. Origins and the Revival of Trade (Princeton, 
925); G. G. Coulton, Medieval Panorama (London, 
1938), Chapters 6, 7, 24, and 26. 
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tion are engaged in that one activity. Such an 
integrated urban society is illustrated in Fig- 
ure 2, where four towns, each with its own 
particular function, are represented diagram- 
matically. The reason why each town has the 
particular function it does bears no relation- 
ship to the cost and distance of contemporary 
transportation (for these do not exist in the 
hypothetical illustration) and causes must be 
found elsewhere. Historical-cultural factors 
(including the past operation of relative loca- 
tion ) in association with natural environmental 
influences have combined to produce the par- 
ticular localization of function in each town. 

If such a hypothesis is carried to its logical 
conclusion then a situation might be envisaged 
in which every person living in the urban 
complex will travel to “Lunchtown” at mid- 
day to eat soup made in “Souptown” from 
plates which have been made in “Platetown.” 
In the entertainment field there would be 
“Broadwaytown” for stage theaters, and “Hol- 
lywoodtown” for motion pictures. 

In Figure 2 four towns have each been 
allotted one of the functions common to all of 
the towns in Figure 1. In such an integrated 
urban society functional characteristics could 
only be viewed accurately by an examination 
of the total urban scene. Thus the functional 
nature of the towns could only be analyzed in 
their relation to the other towns in the whole 
urban complex of which they form a part. 

The complementary nature of urban places, 
as outlined in this second hypothetical condi- 
tion, would appear to have some application to 
the urban phenomena of modern Western 
society. In those areas where the characteris- 
tics of Western industrial society are most 
highly developed—as in the United States and 
Western Europe—no urban place exists in 
isolation, or even in near isolation. With the 
present high degree of economic, social, and 
cultural integration, and with the accompany- 
ing highly developed patterns of circulation, 
each urban place has intimate associations 
with other urban places. A host of towns per- 
form functions in which they have more than a 
local—often a national or international—signi- 
ficance. The extension of economic integration 
has led to the concentration of many branches 
of manufacturing into specialized towns. 
Examples are to be found in the automotive 
industry, tire manufacturing, and the metal- 
lurgical industries. Very often a_ specific 
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industry may be located in a number of towns 
in the same general area. 

One may also find examples where the per- 
formance of the multifarious service industries, 
so characteristic of modern society, have been 
appropriated by particular towns. The towns 
perform these functions for regional and 
national areas far larger in extent than the 
so-called “tributary areas” of the towns. Thus 
those places which perform the function of 
incarceration of convicted criminals house state 
and national penitentiaries serving regional 
and national areas. College towns appropriate 
large sections of the education function; some 
metropolitan centers large sections of the pub- 
lishing and advertising business; vacation 
towns much of the recreation function. 

Although the elements of integrated urban 
development can be seen in modern industrial 
society, the characteristics of the isolated urban 
center still persist, giving the majority of urban 
centers a series of common functional charac- 
teristics. Within the terms of reference of this 
discussion, the urban places of the United 
States (and of Western Europe) appear to 
contain elements of both the isolated and inte- 
grated urban types postulated above.’ Thus, 
if a study of the characteristics of the urban 
places of the United States is to be made, it 
will be necessary to evaluate them from both 
viewpoints. In the first place, the importance 
of a function in a town must be evaluated 
relative to the status of other functions in the 
town. Secondly, the importance of a function 
in a town must be evaluated relative to the 
status of that function in other towns. It would 
appear that only in this way would it be pos- 
sible to analyze the functional characteristics 
of urban places in a society that has travelled 
some distance along the road to integration. 

Although this paper does not deal specific- 
ally with urban-rural relationships some 
interesting observations can be made if the 
hypothetical conditions are examined in this 
respect. In the situation depicted for the 
isolated state the central city provides all the 
services needed by the rural area. Each city 
in Figure 1 has its own tributary area and does 
not offer competing services in the tributary 
area of any other city. In the integrated com- 


®See P. S. Florence, The Logic of British and 
American Industry (Chapel Hill, 1953), pp. 22-43 
and 83-97, and Investment, Location and Size of 
Plant (Cambridge, 1948), pp. 34-88. 


plex a radical change has taken place, Thy 
various intervening rural spaces in Figure ) 
are no longer tributary to particular urbes 
places; in fact, the term tributary area to 4 
has lost its significance. The relaxation of the 
binding relationship between a_particuly 
urban place and a particular piece of country 
which was so characteristic of the isolated 
state, has been recognized by the designation 
of a tributary rural area associated with al 
four places. 

Waibel has pointed out how the applicability 
of von Thiinen’s theory has declined with 
modern increases in the efficiency and the 
cheapness of transportation.’ In the United 
States, and in other areas where economic 
integration has advanced far, the urban places 
do not provide services to their tributary areas 
exclusively. Tributary areas overlap although 
there is still a divide between the areas, each 
relatively more influenced by individual towns. 
The modern urban place acts as a funnel 
through which pass the products of many 
other urban places to increasingly indetermin- 
ate tributary areas. From the rural areas come 
increasingly specialized products which are 
funneled through to other urban places, which 
in their turn are specialists in dealing with 
them. Instead of the market gardening, which 
is so characteristic of areas around cities where 
economic integration has not proceeded far, 
we find field crops cultivated up to the urban 
limits and destined, not for a local, but for a 
national market. The functions a town per- 
forms for its tributary area are fewer in num- 
ber and are concentrated in the categories of 
retail trade, personal services, and some 
branches of professional service. 


A METHOD FOR THE APPRAISAL OF FUNCTIONAL 
CHARACTERISTICS OF URBAN PLACES 


Although a number of different methods are 
available for the determination of functional 
characteristics of urban places, it would appear 
that those which take account of the aspeets of 
functional development outlined above would 
be the most satisfactory. Thus to characterize 
adequately A in town Z in the urban complet 
Q, reference must be made (1) to the other 
functions of town Z, and (2) to function Ain 
the other towns in the urban complex Q (Fig: 
ure 3). 


10 Waibel, op. cit., pp. 69-78. 
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Fic. 3. An urban complex Q, with five urban 

s Z to V, each having one function dominant. 

Dotted lines between the towns are limits of individual 

tributary areas; black border is limit of area tributary 
to all the towns. 


The most suitable method available for 
measuring the importance of a function in a 
town relative to the other functions is the per- 
centage of the employed population in that 
function."! Thus we can say that function A in 
town Z, which has 60 percent of the employed 
population, has an importance of 60 relative 
to other functions, which may be 2, 7, 18, and 
$0 On. 

However, this measure tends to under- 
emphasize highly localized functions in an 


1 Because all functions result in employment it is 
assumed that the division of labor by industrial cate- 
gories is an adequate basis upon which calculations as 
to functional importance can be made. It is recognized 
that this criterion is suspect because all individuals are 
given equal weight regardless of the value of their 
production or the income derived from their produc- 
tion. It is further recognized that other criteria (such 
as the value of goods or services produced) can be 
important; however, details of these are not available 
for small urban places, and could not be reduced to a 
common denominator even if they were available. The 
use of industrial groups by residence (rather than by 
place of work) creates a considerable difficulty when 
the volume of commuting at the present time is con- 
sidered; however, statistics by place of work are not 
available for all employed persons in the United 
ba See Pownall, op. cit., and John E. Brush, The 
Pigs of New Jersey (Rutgers, 1956), pp. 60-72 
o classifications which take account of the place of 
work as well as of residence, 
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integrated urban complex. Thus an urban 
place may have 40 percent employed in whole- 
sale and retail trade (a non-integrated func- 
tion) and 30 percent employed in mining. If 
the average employment in these activities in 
the towns of the urban complex is 40 and 3, 
respectively, the 30 percent in mining are not 
given a measure relative to their importance 
in the complex. 

A measure is needed that will take account 
of a function’s importance in a town relative to 
the function’s importance in other towns. This 
van be obtained from a ratio of the percentage 
employed in a function in a town to the mean 
percentage employed in that function in the 
urban complex. Thus, if the mean percentage 
employment in function A is 20, then the 60 
percent in town Z can be represented by 3.'? 

Although the ratio assesses functional impor- 
tance in the urban complex, it does not dis- 
tinguish between the size of various functional 
categories that are used as criteria. If whole- 
sale and retail trade has a mean employment 
percentage of 40, and mining a mean of 3, then 
a town with 60 and 4.5 percent, respectively, 
in these functions would have ratio values of 
1.5 for both activities. Wholesale and retail 
trade should be given a greater importance for 
many more persons are employed in it: If the 
ratio is weighted by the percentage then a 
functional index is obtained which adequately 
combines the elements of integration and isola- 


tion. The functional index = i * P where P 


is the percentage of the employed population 
in a function, and M, the mean employment in 
the function in the towns of the urban complex. 


TABLE 1.—EXAMPLES iN THE USE OF 
THE FUNCTIONAL INDEX 


Function A Function B 
Percent Percent 

Urban in urban Percent in urban Percent 

place place FI. place mean FI. 
Z 5.0 5.0 5.0 5.0 20.0 1.25 
7 10.0 5.0 20.0 10.0 200 5.0 
20.0 5.0 80.0 20.0 20.0 20.0 
WwW 40.0 5.0 320.0 40.0 20.0 80.0 


It will be seen from Table 1 that the func- 
tional index minimizes the inadequacies of the 


P 
12R = ——where P is the percentage employed 


in the function in the town and M, the mean percent- 
age employed in the function in the urban complex. 


March 1959 if 
e. The 
igure 
urban | 
tacoe 
ofthe (e A 
solated 
cability 
nd the led) ( | 
United 
each 
towns, 
come 
sh are 
which 
where 
d far, 
urban 
for a 
pe 
ries of 
— 
ds are 
tional 
cts of ee 
would 
mples 
A in 


Joun W. 


[IDENTIFICATION 


THIEF RIVER FALLS 


EAST GRAND FORKS 


MOORHEAD @ Park RAPIDS 


@ CETROIT LaKes 


NA 
STAPLES 


FE FALLS oo 


BRECKENRIDGE @orainero 


SAUK CENTER 
BENSON 


eum 
WILLMAR 


FALLS 


FALLS 


CHISHOLM 


GRAND RAPIDS 


@ crosey 


@UITTLE 


ST. CLOUD 


TWIN CITIES 


@ 


TWO HARBORS 


croquet @ 


2,500-10,000 POPULATION @ 


HASTINGS 


FARIBAULT 


Fic. 4. Seventy Minnesota urban places included in functional classification. 


two components of which it is made. Large 
deficiencies in functions with high mean 
values have proportionately smaller indices. 
Large values in functions with low means have 
proportionately higher indices. 


THE FUNCTIONS OF SMALL URBAN 
CENTERS IN MINNESOTA 


For convenience of handling data the use of 
the index is here confined to the state of Min- 


nesota rather than to a larger urban society. 
The urban places of Minnesota are but part of 
a greater urban complex including the whole 
of Anglo-America, and perhaps the whole o 
the Western world.'* The limitation creates 


13 Harris and Nelson (cited above) have dealt with 
all places with over 10,000 inhabitants in the U 
States. Gunnar Alexandersson, in his Industrial Struc 
ture of American Cities (Nebraska, 1956), also dealt 
with places with over 10,000 population, comparing 
the relative importance of various industries. 
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an obvious shortcoming, for Minnesota’s towns 
are in constant contact with urban places out- 
side the borders of the state. Against this must 
be set the fact that the structure of Minnesota's 
urban places reflects many of the characteris- 
tics of the larger urban society of which it 
a 

= ll of the Census, in its reports 
on the 1950 enumeration of the population, 
divides the urban places of the United States 
into three major size classes: (1) 2,500 to 
10,000 population, (2) 10,000 to 50,000 popu- 
lation, and (3) over 50,000 population. A 
further category, that of “urbanized areas,” 
was included. The two urbanized areas of 
Minnesota, Minneapolis-St. Paul and Duluth, 
were excluded from this study because their 
functional characteristics could not be com- 
pared with towns of similar size. In Minne- 
sota there are 57 towns having between 2,500 
and 10,000 population, and 15 between 10,000 
and 30,000 population. The smaller size class 
was reduced to 55 by the inclusion of Sauk 
Rapids in the large town of St. Cloud, and 
North Mankato in the large town of Mankato. 
(Figure 4). 

The functional character of these 70 urban 
places was determined with the use of statis- 
tics available on the numbers of persons 
employed in twelve industrial groupings.’ 
The types of activity included within each 
category are as follows: 


|. Agriculture, Agriculture, forestry, fish- 
etc. eries 
2. Mining Coal and metal mining, 
quarrying, crude _petro- 
leum and natural gas ex- 
traction 
. Construction Construction 


‘. Manufacturing Durable and nondurable 
goods manufacturing 


5. Transportation, Transportation, telecom- 
etc. munications, utilities, and 
sanitary services 


. Wholesale and Wholesale and retail trade 
retail trade 


Finance, etc. Finance, insurance, and 


real estate 


i Definitions of “urbanized areas” and of the indus- 
7 categories are to be found in 1950 Census of 
opulation, Vol. II, Part 23, Chap. B, Bureau of the 
Census, U.S. Department of Commerce, 1952. 
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8. Business serv- Business and repair serv- 
ices, etc. ices 
9. Personal serv- Private households, hotels 
ices and lodging places, other 
personal services 
Entertainment, Entertainment and recre- 
etc. ation services 
Professional Medical and other health 
services services, educational serv- 
ices, other professional 
and related services 
Postal services and fed- 
eral, state, and local pub- 
lic administration 


Functional indices were calculated for these 
categories for the 70 towns. The “industry not 
reported” category of the Census Bureau was 
eliminated from these calculations. 

Generally it is the service or “sustaining” 
industries which are subject to the least 
divergence of the mean functional index from 
the mean percentage. Considering the large 


12. Public admin- 
istration 


TABLE 2.—MEAN, MAXIMUM, AND MINIMUM 
FUNCTIONAL INDICES FoR SMALL URBAN 
CENTERS IN MINNESOTA! 


Industrial 
category 


Mean 
% 


Mean Maximum Minimum 
F.I. F.I. F.I. 


Towns 2,500 to 10,000 population 
Agriculture, etc. 4.3 28 
Mining 38.6 700 
Construction j 8.7 27 
Manufacturing 26.3 248 
Transportation, etc. 18.0 294 
Wholesale and retail 30.4 63 
Finance, etc. 2. 3.0 ll 
Business services, etc. 4.< 4.6 ll 
Personal services : 6.6 19 
Entertainment, etc. 1.3 1.6 7 
Professional services 12.6 15.1 114 
Public administration 4.8 5.1 21 


Towns 10,000 to 50,000 population 


Agriculture, etc. 

Mining 

Construction 
Manufacturing 
Transportation, etc. 9.8 
Wholesale and retail 25.7 
Finance, etc. 3.0 
Business services, etc. 
Personal services 
Entertainment, etc. 
Professional services 14.4 
Public administration 4.1 


1U.S. Census of Population, 1950, Volume I, Characteristics 
of the Population, Part 23, Jaap. B, Bureau of the Census, 
-S. Department of Commerce, 1952. 
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MINNESOTA URBAN PLACES FUNCTIONAL INDICES 
' 3 


| WHOLESALE 8 RETAIL TRADE | 


10 


CIRCLE AREAS ARE PROPORTIONAL 


TO FUNCTIONAL INDICES 


Fic. 5. Functional indices for wholesale and retail trade in Minnesota urban places. More than 50 percent 
of the land south of the dashed line was harvested cropland in 1949. (From A Reconnaissance Atlas of Minne 
sota Agriculture, by John R. Borchert, University of Minnesota, Minneapolis, Minnesota, 1958. ) 


number of persons engaged in wholesale and a much wider range. Most notable in this com 
retail trade, for instance, it is remarkable that nection are mining, manufacturing, and trans- 
there is such a small variation in the functional portation. This general comparison of service 
indices. The small range in the service indus- and other activities brings to light facts \ 
tries is also noticeable in business and repair are consonant with the idea that it is m 
services, personal services, and finance, insur- service activities that there is the least ite 
ance, and real estate. On the other hand, the gration of function in urban society. Some 
“key” or “propelling” industries generally have exceptions to this will be noted below. It's 
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Fic. 6. Functional indices for professional services in Minnesota urban places. 


also noteworthy that there is a much greater 
range of the functional indices among the 
smaller urban places than among the larger. 
In every industrial category the highest func- 
tional index is that of a small town (except 
ce, etc, and personal services). No 
onal index for any industry for a large 
town is lower than for a small town. 
As an urban function wholesale and retail 
18 More important in the south and west 


of the state and relatively unimportant in the 
north and east (Figure 5). When compared 
with other functions there is no great variation 
apart from this broad distinction; indices are 
fairly uniform in the west and south, slightly 
less uniform in the east and north. This uni- 
formity adds point to the idea that the service 
functions are the least amenable to concentra- 
tion in specialized towns. 

The location of the highest indices is gen- 
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Fic. 7. Functional indices for transportation, etc., functions of Minnesota urban places. 


erally coincident with the areas where agri- 
culture is the chief activity. From this we may 
confirm the general notion that towns in agri- 
cultural areas exist primarily for the supply of 
goods to tributary areas. 

Another factor, in the north and east of 
Minnesota especially, is that of supplying the 
heavy tourist traffic bound for the northern 
woods and lakes during the hunting and vaca- 
tion seasons. Because of this such places as 


Wadena, Grand Rapids, and Hibbing have 
higher indices than expected. 
In the north and east tributary populations 
are of less significance in determining " 
functional character of a town. Such activites 
as mining, manufacturing, and the provision 
professional service become important. 
The construction category does not include 
persons engaged in the mining and manufac 
turing of construction materials, but only those 
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Fic. 8. Functional indices for manufacturing in Minnesota urban places. 


employed in construction work. From the 
viewpoint of urban function, construction is of 
fairly uniform importance throughout the 
state, although there is a tendency for slightly 
higher indices in the south and west. This is 
in the densest settled agricultural part, and the 
emphasis on construction reflects such items 
as main and secondary road making, school 
building, and house construction. 

Finance, etc., functional indices have an 


even distribution with the exception of a few 
towns where there is some specialization. 
Owatonna, which has the largest index in this 
category, is the home of the head office of a 
large insurance company. 

Although professional services are one of 
the most characteristic services offered by 
urban places, in Minnesota some elements of 
them have been concentrated into specialized 
towns (Figure 6). Rochester with medical 
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institutions at the Mayo Clinic, and Cam- 
bridge with the state sanatoria, are examples 
of towns where medical activity is of primary 
importance in determining functional charac- 
teristics. St. Peter with its educational institu- 
tions, Northfield with its colleges, and Fari- 
bault with its preparatory schools are urban 
places where the education function has 
reached the greatest importance. 

The transportation, etc., function reaches an 
overwhelming importance in some towns. All 
towns have at least a small transportation 
function (Figure 7). Two Harbors, Brainerd, 
Staples, and Breckenridge all have very high 
indices, the first being associated with the 
movement of iron ore from the Mesabi and 
Vermilion ranges, the other three with trans- 
continental railroads. Other towns with high 
indices are also transcontinental railroad cen- 
ters. 

Manufacturing, on the average only second 
to wholesale and retail trade in its importance 
as an urban function in Minnesota, is more 
important in the southeast than in any other 
part of the state, with the exception of a few 
towns in the north (Figure 8). 

Minnesota produces three basic raw materi- 
als for manufacturing: iron ore, timber, and 
agricultural products. The location of the 
largest iron ore mining operations in the north- 
east of the state has not resulted in the devel- 
opment of a domestic iron and steel industry 
with the exception of the blast furnaces at 
Duluth. The timber industry has given rise 
to a number of important lumber processing 
centers. These are not as important as they 
were in the heyday of the pine industry, but 
International Falls, Cloquet, Little Falls, and 
Bayport still have wood processing industries 
as their raison détre. In addition to the Twin 
Cities’ manufacturing area (one of the princi- 
pal manufacturing regions in the interior of 
the United States), the southeastern quadrant 
of the state has important and varied industry. 
Here the most important type of activity is 
the processing of agricultural products. Al- 
though most of Minnesota is part of the highly 
developed agricultural interior of the United 
States, especially in the production of small 
grains and crop and livestock farming, it is 
only in the southeast that the processing of 
agricultural products becomes a key urban 
function. Thus the location of industry is only 
in part the result of the availability of raw 


March 
materials from nearby areas. Other factor 
include the rate schedules on the railroad 
plying between the producing areas and th 
markets to the east, a concentration of route. 
ways, and the presence of a technologically 
skilled labor reservoir.'® Among the mor 
important manufacturing towns are Albert 
Lea (heating and ventilating engineering anj 
meat packing), Anoka (munitions), Austin 
(meat packing), Fairmont (agricultural pro- 
cessing and railroad accessories), Le Suey 
(vegetable canning and freezing), Owatonna 
(agricultural products), Red Wing (agricul. 
tural products, pottery, and inflatable prod. 
ucts), and Winona (agricultural products)." 

The highest and lowest indices are found in 
the mining function (Figure 9). The ver 
high indices that are found for a few towns in 
the northeast are accentuated by the fact that 
the great iron mining areas are located in what 
would otherwise be a comparative wildemess, 
used only by vacationers, lumbermen, sports. 
men, and the occasional farmer. Chisholm, 
Crosby, Ely, Eveleth, Hibbing, and Virginia 
are all located on or near the ranges, and 
show, to a greater or lesser extent, the one- 
sided functional character to be expected. 
Grand Rapids, with its small commuting min- 
ing population, is more a supply town than a 
mining town, while Ortonville, a typical 
prairie town in the southwest, is a small center 
for granite quarrying. 

The remaining five industrial categories 
result, almost without exception, in small 
functional indices. Agriculture, etc., has it 
highest indices in the southwest, as might be 
expected. High indices are due to the location 
of agricultural enterprises (farms, nursery 
gardens) within urban boundaries. Business 
services, etc., has its highest indices in the 
agricultural areas of the state. The distribu- 
tion of personal services shows few ated 
characteristics of significance. Highest indices 
are found in the hospital towns of Cambridge 
and Rochester, and in some of the vacation 
and resort supply centers in the north. Enter 
tainment indices have a uniform distribution 
among the towns. 


15C. D. Harris, “Market as a — in the Locali- 
zation of Industry in the United States, } 
Association of American Geographers, Vol. 44 (1954). 
16 1952 Directory of Minnesota Manufacturers, Min- 
nesota Department of Business Research and 
ment, St. Paul, 1952. 
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Enter- THE FUNCTIONAL CLASSIFICATION OF acterize the town in this way. But the words 
ibution URBAN PLACES IN MINNESOTA “mining town” do not contain a definition of 
No matter which approach is taken to the such a town, nor of the occupational or func- 
problem of functional classification, one’s tional criteria on which the characterization is 
criteria have to be selected on a subjective made. Further, there are no precise criteria 
Annals, basis, For example, the words mining town denoted when the words specialized town are 
Min Often used to denote an urban place in used to describe an urban place where one or 
which the occupation or function of mineral more activities stand out in importance. 
extraction assumes enough importance to char- However, if we follow the premise that there 
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are specialized towns and their converse non- 
specialized towns, and that the specialized 
towns may be further characterized by denot- 
ing the function or functions which distinguish 
them, we may proceed to amplify these terms 
with the use of the functional index described 
and illustrated above. 

Each function in each of the small urban 
places of Minnesota has been assigned an 
index number which measures its importance 
relative to other functions in the urban place 
and in the urban complex. The summation of 
all the indices for an individual town will pro- 
vide a measure of the town’s specialization. 
From this an urban specialization index can be 
derived. This is defined as the sum of the 
functional indices for a town divided by 100. 


P 
= ( M, P) + 100. 
The specialization index for a town having a 
complete series of mean employment per- 
centage values would be 1.00. The nearer that 
an index figure approaches 1.00 the lesser will 
be the degree of specialization. 

The specialization indices (S.I.) for small 
towns in Minnesota were ranked by size and 
divided into seven categories by an arbitrary 
series of break points on a quasi-geometrical 
progression (1.10, 1.20, 1.40, 1.80, 2.60, 4.20). 
Urban places in the lowest category may be 
termed “least specialized” (under 1.10); while 
those in the highest category may be termed 
“most specialized” (over 4.20). 

In order to indicate the specific functional 
character of each urban place the functional 
indices for each were ranked by size. Proceed- 


Specialization index = 


ing down the ranking, any index that Was 
twice the size of the next ranking index wa 
considered significant in determining  fung. 
tional character. Table 3 shows the working of 
this procedure: Crookston has a low speciali- 
zation index, with wholesale and retail trade 
professional services, and_ transportation “ 
distinctive functions; Alexandria has a |ow 
specialization index, with wholesale and ret,i 
trade as a distinctive function; Hastings is g 
specialized manufacturing town; Virginia and 
Chisholm are specialized mining towns, 
The results of these classification procedures 
are contained in Table 4, which shows the 195) 
population, the specialization indices, and the 
functional specialization of seventy urban 
places in Minnesota. Figure 10 shows the 
indices and specializations in map form. 
The majority of the eleven urban places in 
category I (under 1.10 S.I.) are located in the 
south-central part of the state. To the east lie 
towns with a greater concentration in manv- 
facturing, to the west those with more empha- 
sis on wholesale and retail trade. Winona in 
the southeast and Thief River Falls in the 
northwest are the only places outside the cen- 
tral location. So far as these towns have any 
special activity it is wholesale and retail trade. 
Most of the towns in the second categon 
(1.10-1.19 S.I.) are located in the south and 
west of the state, being service towns in the 
agricultural areas, and specializing in whole- 
sale and retail trade. Exceptions to this ger- 
eral rule are Grand Rapids, a diversified town 
which serves the western end of the Mesabi 
Range, vacationers, and a local farm popul- 


TABLE 3.—FUNCTIONAL SPECIALIZATION IN SELECTED SMALL TOWNS IN MINNESOTA 


Alexandria Crookston 


Category 
Whol./ Ret. 


Personal 
Professional 
Bus. /Serv. 
Constr. 
Transp. 

Fin. / Ins. 
Manfg. 
Agriculture 
Public Ad. 


Hastings Virginia 


Category F.L. Category 


Mining Mining 
Whol./Ret. 16 Whol. /Ret. 
Transp. 14 Professional 
Public Ad. Public Ad. 
Professional Manfg. 
Manfg. Personal 
Personal Transp. 
Constr. Fin. /Ins. 
Bus. /Serv. Bus. /Serv. 
Fin. /Ins. Constr. 
Entert. Entert. 
Agriculture Agriculture 


Category F.I. 


Whol./Ret. 29 
Professional 26 
Transp. 17 
Personal 
Agriculture 
Constr. 
Manfg. 
Public Ad. 
Fin. /Ins. 
Bus. /Serv. 
Entert. 
Mining 


Category F.I. 


Manfg. 101 
Professional 18 
Whol. / Ret. 
Constr. 
Personal 
Public Ad. 
Transp. 
Agrictulture 
Fin. /Ins. 
Bus. /Serv. 
Entert. 
Mining 
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Fic. 10. Functional classification of small urban centers in Minnesota, 1950. 


- tion; Albert Lea in the southeast, which adds 
manufacturing to its service activities; Fari- 
bault, an educational, manufacturing, and 
service center in the southeast; and White 
Bear Lake, an outlying suburb of the Twin 
_ Cities, with no particular specialty. 


The eleven towns of category III (1.20-1.39 
SL.) have diverse location in the state, and 
vary in their specializations. A group of them 
(Anoka, Red Wing, Shakopee, Stillwater ) are 


located in the southeast and specialize in 
manufacturing. Lake City and Owatonna are 
diversified towns in the southeast; Detroit 
Lakes and Montevideo are trade centers in the 
west; East Grand Forks and Glenwood are 
trade centers with an important transportation 
function; Cambridge is a professional town in 
the east-central part of the state. Category IV 
(1.40-1.79 S.I.) has eight towns of varied 
location and type. Austin, LeSueur, and 
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TABLE 4.—FuUNCTIONAL CLASSIFICATION OF SMALL URBAN CENTERS IN MINNESOTA (1950) 


Urban centers and Specializa- 


1950 population index Functional specialization with functional indices 


Category I (least specialized ) 


Glencoe (2,801) 

St. Cloud (31,820) 
Sleepy Eye (3,278) 
Waseca (4,927) 

New Ulm (9,348) 
Fergus Falls (12,917) 
Morris (3,811) 
Litchfield (4,608 ) 
St. James (3,861) 
Winona (25,031) 
Thief River Falls (6,926) 


Category II 

Blue Earth (3,843) 
Park Rapids (3,027) 
Tracy (3,020) 
Worthington (7,923) 
Crookston (7,352) 
Hutchinson (4,690 ) 
Little Falls (6,717) 
Luverne (3,650) 
Mankato (23,597) 
Marshall (3,293) 
Moorhead (14,870) 
Pipestone (5,269) 
Alexandria (6,319) 
Bemidji (10,001) 
Grand Rapids (6,019) 
Jackson (3,313) 
Ortonville (2,577) 
Sauk Centre (3,410) 
Fairmont (8,193) 
Faribault (16,028 ) 
Springfield (2,574) 
Benson (3,398 ) 
Granite Falls (2,511) 
Wadena (3,958) 
White Bear Lake (3,646) 
Windom (3,165) 
Albert Lea (13,545) 
Redwood Falls (3,813) 
Willmar (9,410) 


Category III 

Anoka (7,396) 
Detroit Lakes (5,787) 
East Grand Forks (5,049) 
Red Wing (10,645) 
Shakopee (3,185) 
Cambridge (2,987) 
Montevideo (5,459) 
Glenwood (2,666 ) 
Lake City (3,457) 
Owatonna (10,191) 
Stillwater (7,674) 


Category IV 
Brainerd (12,637) 
Rochester (29,885) 
Austin (23,100) 


to 


Wholesale/ Retail (43) 

None 

Wholesale / Retail (39) 

None 

Manufacturing (32); Wholesale/Retail (30) 
Wholesale /Retail (37); Professional (26) 
Wholesale /Retail (38 ) 

Wholesale /Retail (30); Manufacturing (25) 
None 

None 

Wholesale /Retail (50) 


Wholesale /Retail (41) 

None 

Wholesale / Retail (46); Transportation (24) 
Wholesale /Retail (48) 

Wholesale/Retail (29); Professional (26); Transportation (17) 
Wholesale /Retail (36); Manufacturing (27) 
None 

Wholesale /Retail (42) 

Wholesale/Retail (43) 

Wholesale/ Retail (45) 

Wholesale /Retail (43) 

Wholesale /Retail (49) 

Wholesale /Retail (41) 

Wholesale / Retail (43) 

None 

Wholesale/ Retail (42) 

Wholesale/Retail (43) 

Wholesale /Retail ( 47 ) 

Manufacturing (33); Wholesale/Retail (30) 
Professional (40); Wholesale /Retail (25); Manufacturing (21) 
None 

Wholesale /Retail (52) 

Wholesale / Retail (39) 

Wholesale/ Retail (63) 

None 

Wholesale /Retail (32); Construction (27) 
Manufacturing (61) 

Wholesale /Retail (46) 

Transportation (43); Wholesale/Retail (30) 


Manufacturing (41) 

Wholesale / Retail (50) 

Transportation (46); Wholesale/Retail (38) 
Manufacturing (66) 

Manufacturing (48) 

Professional (48 ) 

Wholesale / Retail 
Transportation (39); olesale/ Retail ( 2 
Manufacturing (39); Agriculture (28); Wholesale/ Retail (21) 
None 

Manufacturing (66) 


Transportation (83) 
Professional (80) 
Manufacturing (110) 
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ANALYSIS OF SMALL. URBAN CENTERS OF MINNESOTA 


TasLe 4.—(Continued) 


Specializa- 


Urban centers and ion index 


Functional specialization with functional indices 


1950 pop 


hfeld (7,487) 
Breckenridge (3,623) 
LeSueur (2,713) 

St. Peter (7,754) 


Category V 

Virginia (12,486 ) 
Falls (6,269) 
Staples (2,782) 


Category VI 

Bayport (2,502 ) 
Cloquet (7,685 ) 
Hibbing (16,276 ) 
Two Harbors (4,400) 
Eveleth (5,872) 


Category VII (most specialized ) 
Ely (5,474) 5.56 


Crosby (2,777) 5.87 
Chisholm (6,861 ) 7.31 


Manufacturing (101) 
Professional (108 ) 
Transportation (97) 
Manufacturing (106) 
Professional (114) 


Mining (119) 
Manufacturing (147) 
Transportation (133) 


Manufacturing (232) 
Manufacturing (248) 
Mining (269) 
Transportation (294) 
Mining (326) 


Mining (516) 
Mining (551) 
Mining (700) 


Hastings, located in the southeast, specialize in 
manufacturing; Northfield, St. Peter, and 
Rochester, also in the southeast, specialize in 
professional activities; Brainerd in the north- 


central part of the state and Breckenridge in 
the west are transportation towns. 

The next three categories—which have the 
highest degree of specialization—include the 
mining centers of the northeast. The three 
towns of category V (1.80-2.59 S.I.) are Vir- 
ginia, a mining center; International Falls, a 
lumber and wood products center near the 
Canadian border; and Staples, a railroad cen- 
ter in the central part of the state. Category 
VI (2.60-4.19 S.I.) includes the mining centers 
of Eveleth and Hibbing; Two Harbors, an iron 
ore port on Lake Superior; and Cloquet and 
Bayport, two wood products manufacturing 
centers in the east. Category VII (over 4.20 
SI.) includes the three mining centers of Ely, 
Chisholm, and Crosby. 


CONCLUSION 


This paper has been directed towards a 
solution of a conceptual problem confronting 
those interested in typifying towns by their 

ons: that some activities are concen- 
trated in specialized towns while other activi- 
ties remain characteristic of most towns. The 
index and its derivative, the special- 


ization index, here used to describe functional 
differentiation among small urban centers in 
Minnesota, are based on a recognition of this 
concentration and dispersion. The results are 
in accordance with observations on the towns 
made from other avenues of approach to their 
functional character. In addition many charac- 
teristics which might otherwise have remained 
hidden in lists of statistics have been brought 
to light. 

Concentration and dispersion of functions 
are mirrored in many urban phenomena. Few 
of these are available as descriptive criteria. 
Of those that are useful, the number of per- 
sons engaged in various categories of industry 
(as defined by the Bureau of the Census) is 
almost the only one for which statistics are 
available (see footnote 11, above). But statis- 
tics for small incorporated places (under 2,500 
inhabitants ) are not published; for places with 
2,500 to 10,000 inhabitants the categories are 
very broad. 

Larger problems will emerge in the event of 
a systematic description of functional concen- 
tration and dispersion on a continental or 
wider scale, although such description, if 
coupled with some analysis of causal factors, 
would illuminate much current work on the 
geography of urban places. Censuses of dif- 
ferent countries, taken at different times, use 
different criteria for industrial categories, and 
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1.53 
1.60 
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they may not give detailed statistics for any despite the difficulties. Only in this way wij 
but the largest towns. However, work on a_ the description of the particular be clarifie; 
broad canvass can and should be undertaken, and general principles evolved, 
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EOGRAPHY deserves a place in the pic- 
ture of Russian scientific advance which 
has lately rocketed into the public conscious- 
ness of the West. The last few years have 
witnessed an increase in the output of Soviet 
geographical writing to a point where it is at 
least as voluminous as that of any other coun- 
try. At the same time there has been a notable 
trend towards more objective appraisal of 
foreign work and the beginnings of academic 
travel abroad. A growing academic conscious- 
ness has been associated with a greater ten- 
dency to look up from practical tasks, embark 
upon more purely cultural aspects, and, above 
all, to argue about the content and theoretical 
framework of the subject, its emphasis and 
prospects. This paper attempts to examine the 
character and significance of this expansion of 
Soviet geography and the direction it appears 
to be taking. 


THE DIMENSIONS 


In 1950 there was still only one regular aca- 
demic geographical periodical—the “Izvestiia” 
of the All-Union Geographical Society, which 
was already a hundred years old. The Academy 
of Sciences did issue a so-called “Geographical 
and Geophysical series” of its regular transac- 
tions, but geographical articles were few, most 
of them with a geophysical flavor. Today the 
young “Geographical Series” of the Academy 
of Sciences, appearing six times a year, has 
become the chief outlet for that massively 
organized research center, the Institute of 
Geography, and is expanding so rapidly that it 
is expected to become a monthly before long.! 
In addition there are three irregular publica- 
tions,’ normally appearing several times a 


'“Obsuzhdenie zhurnala Izvestiia Akademii Nauk 
SSS.R., seriia geograficheskaia v Moskovskom filiale 
kogo Obshchestva S.S.S.R.,” Izvestiia 
S.S.S.R., seriia geograficheskaia, 1957, 
No. 4, p. 96. 
Trudy, Akademii Nauk S.S.S.R. Institut geografii 
(Moscow, 1931- 
Voprosy Geografii, Vsesoiuznoe Geograficheskoe 
0. Moskovskii filial. Nauchnie sborniki 
(Moscow, 1946- 
Geograficheskii Sbornik, Akademii Nauk S.S.S.R.; 
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year, which usually take the form of a group 
of stock-taking or exploratory articles on a 
single topic, ranging from “geography of 
cities” to “glaciology” or “the vegetation of 
Sakhalin.” Another periodical which deserves 
note is “Geography in the School” which, in 
addition to some academic papers, features 
accounts of new projects and reports from 
high school and university field expeditions.* 
The scope and scale of the Soviet teaching and 
research institutions in geography* go far 
towards explaining the present dimensions of 
geographical publication. The research insti- 
tutions are concentrated largely in Moscow 
and, secondarily, Leningrad, but there has 
recently been a trend towards more decentral- 
ization—for instance, the setting up of Re- 
search Institutes of Geography in such places 
as Irkutsk and Tashkent and the launching of 
regional geographical journals.’ A_bibliogra- 
phy of geographical publications cannot be 
given here® but mention should be made of the 
appearance since 1955 of some twenty eco- 
nomic-regional monographs, covering almost 
all of the Soviet Union, under the direction of 
the Institute of Geography of the Academy of 
Sciences. Basic statistical information has 
begun to appear also in the last two or three 
years and a full-scale census is to be taken in 
1959 with the participation of geographers. In 
Geograficheskoe Obshchestvo Soiuza S.S.S.R. ( Mos- 
cow, 1952-_). 

The following semiregular journals have ceased 
publication: 

Zemlevedenie: geograficheskii zhurnal, obshchestvo 
liubitelei estestvoznania, antropologii i etnologii. Geo- 
graficheskoe otdelenie (Moscow, 1892-1950). 

Problemy fizicheskoi geografii, Akademii Nauk 
S.S.S.R. Institut geografii (Moscow, 1934-1951). 

3 Geografiia v shkole (Moscow, 1934-__ ). 

4C. D. Harris, “Geographic research and teaching 
institutions in the Soviet Union: Notes on trip to 
USSR in May-June 1957.” Mimeographed; summary 
published in The Professional Geographer, Vol. 10 
(Jan. 1958), pp. 8-13. 

5 E.g., Voprosy geografii dal’nego vosteka ( Khaba- 
rovsk 1956— ); Voprosy geografii Kazakhstan ( Alma 
Ata 1956- 

6 See C. D. Harris, “Geographical Literature on the 
Soviet Union—a discussion,” Geographical Review, 
Vol. 42 (1952), pp. 615-27; monthly list of Russian 
accessions, Library of Congress, Washington, D.C. 
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short, the student of the geography of the 
Soviet Union is now much more amply sup- 
plied with up-to-date, detailed, and objective 
information than he was at the beginning of 
the present decade. 


THE “TWO GEOGRAPHIES —THEIR 
NATURE AND STATUS 


What is the character of this rising flood of 
geographical literature and what direction 
does it seem to be taking? There is no 
doubt that physical geography has been the 
dominant partner among the “geographical 
sciences” and that it still is, though to a 
markedly reduced extent. Before the war, and 
indeed until about 1952, it was normal for 
three-quarters or even nine-tenths of the total 
space in the geographical periodicals to be 
devoted to this branch and much the same 
proportion in books. Since the year of Stalin’s 
death, however, the physical proportion in the 
regular periodicals has been gradually reduced 
to little more than half (by 1957) and more 
and more of the books have been concerned 
with economic geography. However this still 
leaves a physical preponderance at least as 
marked as in the Davisian heyday in the 
United States, and this in a country where 
physical determinism is vigorously denied and 
economic determinism upheld. 

Soviet physical geography is in itself well- 
integrated and broadly based, in the tradition 
of pre-revolutionary Russian scholars, in par- 
ticular Dokuchaev, whose “natural zones” still 
form the basis for the physical description and 
classification of the country. Highly detailed 
analyses of contemporary physical processes 
loom large in the literature, typical subjects 
being the heat and water balance of the earth’s 
surface, snow drifting, sand-dune shifting, 
permafrost, streamwork, soil erosion, and 
glaciation. Practical party-set tasks, especially 
concerned with the “transformation of nature,” 
and often primary exploration have occupied 
thus far much of the physical geographer’s 
attention, though one finds a few “paleogeo- 
graphical” studies producing what Richard 
Russell calls “conclusions of vertical rather 
than horizontal significance.”"’ The prevailing 
approach, however, is functional and dynamic 


TR. J. Russell, “Geographical Geomorphology,” 
Annals, Association of American Geographers, Vol. 39 
(1949), p. 4. 


and suffers from neither the American geogrs 
pher’s apparent lack of concern with physic 
processes nor the geological squint which sl 
afflicts many West European physical geogr. 
phers. It seems probable that the richest body 
of physico-geographical knowledge in th 
world is being accumulated in the Soviet 
Union and its broad integrated character wil 
probably ensure that any relative decline wil 
not involve throwing the baby away with the 
bathwater as in the reaction of America, 
geography to the Davisian experience, 
Economic geography, often called in the 
U.S.S.R. “the youngest of the geographica 
sciences,” is an umbrella term for all nop. 
physical geography, and reflects the prevailing 
Marxist philosophy of economic determinism, 
Here too the accent has tended to be on the 
evaluation of resources and the requirements 
of the official Plans, with much attention given 
to the delimitation of economic regions, 4s 
economic geography has been looked upon a 
a self-contained social science, ipso facto gov. 
erned by social laws, “socialist laws” of the 
distribution of production and population have 
been sought. However, an examination of the 
work in economic geography published, say. 
since 1955 cannot fail to give the impression 
of an increasingly empirical and nondogmatic 
approach. It is instructive to compare the first 
university textbook on the economic geography 
of the U.S.S.R.§ with the recent equivalent’ 
The new work is strictly regional in format, 
and has jettisoned entirely the discussion of 
socialist laws of distribution and extended 
quotations from Stalin which characterized 
large sections of the earlier book. The geo- 
graphical character of the later work has been 
deepened not only by the adoption of the 
regional approach but by increased attention 
to historical and physical geography. The 
composite regional economic maps in this 
work, as in the regional monographs met- 
tioned earlier, are plentiful and highly inform: 
tive. The increasingly high standard of Soviet 
cartography as shown both in the atlases and 
in the illustration of books may be mentioned 


8 Economic Geography of the U.S.S.R., edited by 5 

S. Balzak, V. F. Vasiutin, and Ia. G. Feigin. Amen 

edition edited by C. D. Harris (N.Y., 1949). Fist 
ublished in U.S.S.R. in 1940. 

Ekonomicheskaia Geografiia S.S.S.R., edited by 

N. Cherdantsev, N. P. Nikitin, and B. A. Tutykhio, 

2 vols. (Moscow, 1956-57. ) 
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here, though also evident is an odd reluctance 
to provide enough maps for illustrating the 
papers in the academic journals. Population 
geography is considered an integral part of 
economic geography and increasing treatment 
has been accorded recently to more purely 
social and especially urban geography. Histori- 
cal geography is still a rather poorly developed 
and defined field, while there seem to be vir- 
tually no studies in political geography as 
such. 


THE CASE FOR SEGREGATION 


In the above discussion of content the sep- 
arate treatment of physical and economic 
geography follows the common practice of 
most Soviet geographers. This segregation 
constitutes perhaps the most important point 
of divergence between Soviet and American 
geography. Moreover this question is often 
touched on directly or indirectly in current 
Soviet academic discussion and these discus- 
sions serve to bring into focus the character of 
present-day Soviet geography and its increas- 
ingly vigorous cross-currents. 

In general (and there are notable excep- 
tions), it seems that the segregationists are the 
physical geographers while the economic 
geographers are integrationist. Pronounce- 
ments from the “summit” of any profession are 
apt to be quite influential and it happens that 
the present and former directors of the Acad- 
emy of Sciences’ Institute of Geography 
(Academicians Gerasimov and Grigor’ev) are 
physical geographers who were apparently 
elected to their position primarily by geolo- 
gists and who have taken and still take a 
definite stand on this question. The basic 
argument voiced by the protagonists of “two 
scientific disciplines” is that fundamentally 
different laws underlie the development of the 
phenomena which are studied in physical 
and economic geography, respectively.!° The 
American “monistic” view of geography is 


Eg. 1. P. Gerasimov, “Sostoianie i zadachi sovet- 
geografii na sovremennom etape ee razvitiia,” 
Izeestiia Akademii Nauk S.S.S.R., seriia geografiches- 
kaia, 1955, No. 3, pp. 14-15; A. A. Grigor’ev, “O 
voprosakh fizicheskoi geografii,” Voprosy 
Filosofii, 1951, a. 1, p. 193; V. F. Vasiutin, 
Wy razmeshcheniia sotialisticheskogo proizvod- 
Stva i zadachi ekonomicheskoi geografii,” Izvestiia 
Akademii Nauk S.S.S.R., seriia geograficheskaia, 1955, 
No. 3, pp. 25-33. 
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dismissed largely on this count.!' Gerasimov 
stresses that in order to make an adequate 
analysis today, it is necessary to have profound 
specialist knowledge and access to special 
methods of investigation; that the lone geogra- 
pher has necessarily given place to the crew of 
geographers, each with his own specialism and 
cementing greater and greater bonds with 
related natural or social sciences.'? This seems 
to invite centrifugal forces to pull geography 
apart, but even proponents of segregation tend 
to stress the “close bonds”'* existing between 
the objects and phenomena studied in geogra- 
phy. However, this seems to be mere lip 
service when one observes the erection of a 
cordon sanitaire through the middle of geog- 
raphy which hardly allows even recognition, 
much less a strengthening, of these bonds, and 
which makes physical geographers more at 
home with geologists, and economic geogra- 
phers with economists, than with their fellow 
geographers. Gerasimov’s recent suggestion 
that the fountainhead of Soviet geographical 
theory—the “Geographical Series” of the 
Academy of Sciences—might be split into two 
parallel series, physical and economic, would 
seem to lead to a further deepening of the 
chasm. 

One of the obstacles to a unified geography 
in the Soviet Union is the bugbear of crude 
physical determinism which has only very 
recently become partially detached from the 
basic conception of Western geography in 
Soviet eyes, and which seems to many a prob- 
able result of a “monistic” treatment of the 
subject.'* The influence of Hettner has for 
some years been regarded as a snare and a 


11 A, A. Grigor’ev, “Obshchie voprosy geografii u 
fizicheskaia geografiia v knige ‘American Geography, 
Inventory and Prospect’,” Izvestiia Akademii Nauk 
S.S.S.R., seriia geograficheskaia, 1956, No. 1, pp. 
118-19. (A translation of this whole review was 
edited and distributed in mimeograph form by C. D. 
Harris; May, 1956.) 

12]. P. Gerasimov, “Le réle de la géographie dans la 
construction socialiste en USSR et les tendences 
actuelles de son evolution,” Essais de Géographie 
(recueil des articles pour le 18° congrés international 
géographique [Moscow, 1956] ), p. 7. 

13 [bid., p. 7; A. A. Grigor’ev, “Iz istorii sovetskoi 
geografii,” Akademii Nauk S.S.S.R., seriia geogrufi- 
cheskaia, Vol. 5 (1957), p. 107. 

14 A, A. Grigor’ev, op. cit. (fn. 11), pp, L1S-19; S. 
V. Kalesnik, “O novom opyte obobshchenia po teo- 
reticheskim voprosam fizicheskoi geografii,” lzvestiia 
Vsesoiuznogo Geograficheskogo Obshchestva, Vol. 90 
(1958), pp. 142-45. 
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delusion for Soviet and American geographers 
alike. In a review of Hartshorne’s “Nature 
of Geography,” the Hettnerian influence 
was seen and deplored in the chorological 
approach, the “anti-historicism” and the sys- 
tematic-regional division as opposed to the 
“Marxist” physical-economic division. Simi- 
larly one highly placed economic geographer’® 
condemned a series of regional essays by 
another!’ as an antiscientific compilation of 
“one geography” on the basis of “vulgar geo- 
graphism” (i.e., environmentalism). Here 
again the “bourgeois methodology” of Hettner 
and the “Kantian idealistic classification” were 
branded as the responsible philosophy. Al- 
though judgements in similar terms have 
become much less common in the last two 
years, vestiges of the attitudes remain, just as 
the veiled use of physical regions as strait- 
jackets into which human phenomena are 
fitted, still not unknown in the West, is a 
remnant of a more frankly stated environ- 
mentalism. It may be stated in favor of the 
segregationist position that it more or less 
eliminates such question-begging, but this is 
a negative virtue at best, realized at the cost 
of impoverishment and incompleteness of 
treatment on both sides. The well-integrated 
and intensively cultivated field of physical 
geography seems to have become a self-con- 
tained vested interest, unwilling to be dis- 
turbed or re-oriented within a larger unity. 


A HISTORICAL DIGRESSION 


The practice and advocacy of geographical 
segregation in Russia has, in fact, quite shal- 
low roots. It is doubtful whether any of the 
scholars who moulded Russian geography 
around the turn of the century would have 
approved it. Even Dokuchaev, whose genetic 
formulation of the system of “natural zones” 
laid the foundations for the integrated Soviet 
physical geography of today, considered that 
the transition from one zone to another fluc- 


15 VY, Kotelnikov, “Voprosy metodologii geografii v 
osveshchenii amerikanskogo geografa R. Hartshorne 
po ego knige “The Nature of Geography’,” Voprosy 
Geografii, Vol. 4, “Glatsiologia i geomorfologia” 
(1947), pp. 189-92. 

16 Ia, G. Feigin, “O predmete i zadachakh ekonom- 
icheskoi geografii,” Voprosy Filosofii, 1951, No. 6, 
pp. 150-58. 

17 Iu. G. Saushkin, Geograficheskie ocherki prirody 
i selskokhoziaistvennoi deiatelnosti naseleniia v razlich- 
nykh raionakh sovetskogo soiuza (Moscow, 1957). 


tuates “with the character of the agricultural 
activities, type of settlement and even habits 
of mind of the population.”!* D, N. Anuchin 
probably the greatest and most wide-rangin 
of all prerevolutionary Russian geographer 
insisted on dividing geography not int 
physical and economic, but into general an{ 
regional.'® The idea of a regional geography 
focussed on man and his relations with his 
environment was basic to his whole geo- 
graphical philosophy.” A. I. Voeikoy, though 
occupied mainly with climatology, also cop. 
cerned himself with population distribution 
and with the improvement of agriculture: 
Petr Seménov Tian-Shanskii, the traveller and 
explorer, produced well-rounded regional 
descriptions of the French type.??  Veniamin 
Seménov Tian-Shanskii, editor of the monv- 
mental regional geography of Imperial Russia, 
wrote, as late as 1928, what amounts to a 
methodological model for regional geograph- 
ers, emphasizing the completeness of the 
geographical circle and the basic “anthropo- 
centricity” of geography.”* Several references 
to Hettner and other western geographers 
occur in this latter work, without any abuse” 

Thus it seems that the geographical schism 
dates from the era of the Five-year Plans, 
which harnessed geography to the immediate 
tasks, leaving little room for more cultural 
aspects of the subject, such as regional studies. 
Large cadres of physical specialists were 
trained and engaged immediately in primary 
exploration and specific technical problems, 
while economic geographers were similarly 
occupied with problems of regionalization, the 
location of the young industries, and so on. 
This probably led to greater associations with 
economists or geologists than with fellow 


18 Jbid., p. 3; see also V. V. Dokuchaev, Uchenie 0 
zonakh prirody, ed. with introduction by lu. G. Saush- 
kin (Moscow, 1948). j 

18 V. A. Esakov, D. N. Anuchin i sozdanie russhoi 
universitetskoi geograficheskoi shkoly (Moscow, 1955). 
pp. 129-30. 

20 Ibid., pp. 134-43. 

21 A. I. Voeikov, Izbrannye sochineniia, ed. A. 4 
Grigor’ev (Moscow, 1957), Vol. 4. 

22E.g., P. P. Seménov Tian-Shanskii, La Russe 
extra-Européenne et Polaire (Paris, 1900). 

23 Rossiia. Geograficheskoe opisanie nashego ot 
chestva, ed. V. P. Seménov Tian-Shanskii (St. Peters 
burg, 1898-1913), 19 vols.; V. P. Seménov Tian- 
Shanskii, Raion i strana (Moscow, 1928), PP. 45, 53 


et al. 
24 Ibid. ( Raion i strana), pp. 35-37. 


|; 
ge 
| gr 
be 
the 
the 
po 
dic 
i ap 
the 
act 
Sor 
las' 
oy of 
sial 
hav 
the 
phy 
me 
env 
con 
the 
the 
Sov 
the 
for 
con 
mo 
4 rel 
‘ env 
fiek 
‘os inve 
of a 
emy 
and 
8), 
ches! 
be p. 


1959 


phers. The disproportionate numerical 
growth of physical geographers may well have 
been due not only to the greater demand for 
their work at the time, but also to the fact 
that they were effectively outside the arena of 
political controversy. Economic geographers 
did not enjoy this innate protection, and were 


apparently liable to be dubbed “enemies of 


the people” for advocating certain courses of 
action in the location of industry.”® 


THE CASE FOR INTEGRATION 


This is the phase in the development of 
Soviet geography from which the profession 
seems to have been emerging vigorously in the 
last few years, as outlined in the earlier part 
of this paper. The new integrationists, who 
can invoke the aid not only of pre-Stalin Rus- 
sian geographers but also Engels and Lenin, 
have focussed their attention particularly on 
the concepts of environment and of the indi- 
visibility of nature and society. Most Soviet 
physical geographers use the word “environ- 
ment” interchangeably with “the geographical 
envelope,” “landschaft,” the “natural territorial 
complex,” and so on to indicate the core of 
their studies, but few seem to accept, or even 
realize its full implications as a key word in 
the unity of geography. For instance, Armand 
says that as the aim of “every science” in the 
Soviet Union is the “mastery of the power of 
the natural resources for the . . . improvement 
of the life of the workers”* there is no need 
for special human orientation, although he 
concedes that particular physical processes are 
modified or even set in train by man.2 
Further, he believes that recognition of the 
| relativity to man implicit in the concept of 
environment would necessarily restrict the 
field to currently inhabited areas;28 he seems 
unable to perceive that no logical departure is 
involved in examining the physical processes 
of an area with a view to explaining its human 
emptiness, past, present, and potential, or its 
function as climatic barrier, catchment area, 
and so on in relation to neighboring inhabited 


ao Geography of the U.S.S.R. (op. cit., fn. 
P. 

*D. L. Armand, “Predmet, zadacha i tsel’ fizi- 
= geografii,” Voprosy Geografii, Vol. 40 (1957), 

Ibid., p. 89. 

Ibid., p. 91. 
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areas—in short the evaluation of negative as 
well as positive qualities of environment.?® 

Associated with this difficulty is the place of 
“paleogeography” as an “integral part of 
geography,”*° though to a much smaller extent 
than in, say, Britain or Germany. For Gerasi- 
mov “the basic object of geomorphology” was 
“the elucidation of the history of the develop- 
ment of the present relief of the earth,”*! but 
he later discussed Russell’s advocacy of a “geo- 
graphical geomorphology” free from irrelevant 
genetic speculations, without disapproval.** 
Several Soviet physical geographers have 
recently attempted to define the distinction 
between the geographical and geological 
aspects of this science which is so obviously 
borderline, somewhat independent, and rather 
awkward to integrate into physical geography 
as a whole. In these arguments** the greatest 
stress is placed on the necessity for geographi- 
cal geomorphology to fit into the “interacting 
whole” of the physical environment, and for 
the adoption of a functional approach rather 
than one of origins and sequence. Physico— 
geographical regionalization seems now to be 
mainly based on criteria which are functional, 
qualitative and integrated—environment clas- 
sified with an eye on its significance to the 
environed.** 

In spite of the increasing tendency for some 
physical geographers to advocate geographical 
unity, directly or indirectly, the most numer- 


29 Some human geographers in the West seem to 
find a similar difficulty here, e.g. O. H. K. Spate, 
“How Determined Is Possibilism?,” Geographical 
Studies, Vol. 4 (1957), p. 5, for whom such an 
approach “effectively takes the ‘Ge’ out of Geog- 
raphy.” 

30 Armand, op. cit., p. 91. 

31]. P. Gerasimov, “Opyt geomorfologicheskoi inter- 
pretatsii obshchei skhemy geologicheskogo stroeniia 
S.S.S.R.,” Problemy fizicheskoi geografii, Vol. 12 
(1946), p. 34. 

32 [. P. Gerasimov, “O roli Villiama Morrisa Devisa 
v razvitii sovremennoi geomorfologii,” Izvestiia Akad- 
emii Nauk S.S.S.R., seriia geograficheskaia, 1956, No. 
1, p. 125. See also R. J. Russell (fn. 7 above). 

‘33 A, I. Spiridonov, “O predmete i osnovnykh meto- 
dakh geomorfologii,” Voprosy Geografii, Vol. 36 
(1954), pp. 56-70; E. M. Murzaev, “Itogi i zadachi 
fiziko-geograficheskogo stranovedeniia v. S.S.S.R.,” 
Izvestiia Akademii Nauk S.S.S.R., seriia geografiches- 
kaia, 1957, No. 5, pp. 50-55; Iu. K. Efremov, “O 
meste geomorfologii v kruge geograficheskikh nauk,” 
Voprosy Geografii, Vol. 21 (1950), pp. 41-54. 

34 E.g., “Fiziko-geograficheskoe raionirovanie,” Vo- 
prosy Geografii, Vol. 39 (1956). About 15 papers on 
this theme. 
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ous, effective, and persistent salvoes seem to 
have come from the economic “side.” The 
veteran economic geographer Baranskii has 
long insisted on the regional approach as the 
only means to attain the real geographical 
objectives. He accepts the necessity of geo- 
morphology, industrial geography, and so on, 
as specialisms and says that “the trouble lies 
not in their existence but in their one-sided- 
ness and inadequacy as generalizations.”°* In 
a review of American Geography, Inventory 
and Prospect he observes that “the presence in 
a single book of a summary of all branches of 
geography may give at least formal evidence 
of the unity of geography, and this is very 
important under present-day conditions.”°* 
Baranskii’s successor as head of Economic 
Geography at Moscow University, Saushkin, 
has also long advocated and practiced inte- 
grated regional studies and has paid particular 
attention to such concepts as the cultural land- 
scape and the distribution of population as 
convenient foci for achieving his aims.** Kabo, 
another influential protagonist of integration, 
has concentrated on the two-way impact of 
society and nature, and the indivisibility of the 
“socialterritorial complex,”*® while Kolosov- 
skii feels that the essential unity of geography 
is expressed in the development of resources.*° 
Nekrasov, deploring the gulf between “inhu- 
man” physical geographers and “unnatural” 
economic geographers, declares that the 
geographer should “first and foremost be a 
specialist in the unified approach” and be able 


35 E.g., N. N. Baranskii, “Stranovedenie i geografiia 
fizicheskaia i ekonomicheskaia,” Izvestiia Vsesoiuznogo 
Geograficheskogo Obshchestva, Vol. 78 (1946), pp. 
9-24. 

36 Tbid., p. 16. 

37N. N. Baranskii, “Amerikanskaia geografiia, ee 
sovremennoe sostoianie i perspectivy razvitiia,” Izves- 
tiia Akademii Nauk S.S.S.R., seriia geograficheskaia, 
1956, No. 1, p. 135. 

38 Tu. G. Saushkin, “Kulturnii Landshaft,” Voprosy 
Geografii, Vol. 1 (1946), pp. 97-106; “Geografiches- 
koe izuchenie selskikh naselennikh punktov Sovetskogo 
soiuza,” ibid., Vol. 5 (1947), pp. 53-66; and “K 
izuchenie landshaftov S.S.S.R. izmenennikh v protsesse 
i proizvodstva,” ibid., Vol. 24 (1951), pp. 276-99. 

39 R. M. Kabo, “Priroda i chelovek v ikh vzaimnykh 
otnoshenniiakh kak predmet sotsial’no kul’turnoi geo- 
grafii,” Voprosy Geografii, Vol. 5 (1947), pp. 5-32; 
and “Vysokogornye stepi chuiskoi doliny altaia (pri- 
roda i naselenie),” ibid., Vol. 5 (1947), pp. 67-125. 

40N. N. Kolosovskii, “Nauchnie problemy geo- 
grafii,” Voprosy Geografii, Vol. 37 (1955), pp. 
129-50. 


to understand all his fellows. He stresses the 
similarity of geography to history in its qj. 
embracing field, its preoccupation with man, 
and its educational rather than its strictly 
practical value.*t Pokshishevskii*? and Koy. 
lev** make the point that physical conditions 
all-important though they are, vary in function 
and value with the social and economic ¢. 
mate and habits of mind of the “anonymous 
heroes”**—the population. Lidov criticized , 
paper on the heat and water balance of the 
earth’s surface for not including relevant agri. 
cultural material, and so maintaining “the 
correct position.”*® 

The most articulate, uncompromising, and 
thorough theoretical advocacy of a unified 
geography in recent years is contained ina 
paper by V. A. Anuchin.*® It is the idea of 
environment, he says, which makes a common 
system of geographical science from geomor- 
phology to industrial geography and enables 
us to talk of a goal for the subject.*7 Concepts 
of a “broken” geography are founded on ignor- 
ance of the “existing reality” of the unity of 
society and nature. For elaboration of the 
changes wrought by humankind on nature he 
goes to Engels’ Dialectics of Nature and Kin- 
ble’s Way of the World,**® while Lenin is 
quoted on the inter-relatedness of everything 
in the real world. The effects of man’s activi- 
ties are enshrined in the environments of 
posterity. “The opposition to unity in Soviet 
geography,” he says, “in spite of employing 
outwardly Marxist phraseology, seems at root 
to contradict Marxism and appears as one of 
the manifestations of subjectivist idealism and 
one of the original forms of indeterminism.” 
Physical geography today suffers from too 
much abstraction and emphasis on single 


41 F. G. Nekrasov, “Geografiia i geografy,” Voprow 
Geografii, Vol. 18 (1950), pp. 102-4. * 

42,V. V. Pokshishevskii, “Les migrations interieures 
en tant qu’objet d’étude géographique,” Essais de 
Géographie (Moscow, 1956), pp. 260-71. 

43$. A. Kovalev, “Les types d’habitat rural 
U.R.S.S.,” Essais de Géographie, pp. 272-82. 

44 Pokshishevskii, op. cit., p. 266. 

45 V. P. Lidov, in a discussion (see fn. 1), pp. 9% 


94. 
46V. A. Anuchin, “O syshchnosti geografichesko! 
sredy i proiavlenii indeterminizma v_ sovetskoi 
grafii,” Voprosy Geografii, Vol. 41 (1957), pp. 47-4 
47 Tbid., p. 53. the 
48 [bid., p. 50; G. H. T. Kimble, The Way of 
World (New York, 1953). 
49 Voprosy Geografii, Vol. 41 (1957), p- 56 
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elements, while economic geography often 
ignores not only physical but even historical 
factors. Synthesis, based on detailed factual 
analysis, should be the geographical method. 


THE PRACTICE OF INTEGRATION 


The actual degree to which this widely- 
advocated geographical synthesis is worked 
out in a regional context is still very small. The 
prevailing segregation makes the necessary 
framework very difficult to construct, and 
cross-fertilization between physical and eco- 
nomic geographers in both training and writing 
remains sporadic, in spite of many individual 
pleas,*' mostly from the economic side. The 
series of regional economic—-geographical 
monographs already mentioned constitutes an 
important step in this direction. The volumes 
on Kazakhstan, the “Povolzh’e,” and the North 
Caucasus,®? for instance, are wide-ranging, 
well-written, detailed, and well supplied with 
maps. However, the head of the section of the 
Institute of Geography responsible for the 
whole series, Riazantsev, put his finger on 
their only real deficiency when he deplored 
the inadequacy of the weight given to physical 
geography. He urges the “creation of the 
situation” in which truly rounded regional 
monographs can be produced.** 

From the physical side one or two heralds of 
the resurrection of a truly regional approach 
have lately appeared. Murzaev’s Middle Asia 
is the most significant. What distinguishes this 
work™ from previous scholarly writing on 

50 Tbid., p. 59. 

51 E.g., A. N. Rakitnikov, “Kakaia podgotovka po 
fizicheskoi geografii nuzhna studentam ekonomiko- 
geograficheskoi spetsialnosti,” Voprosy Geografii, Vol. 
18 (1950), pp. 158-67; V. K. Yatsunskii, “Znachenie 
istoricheskoi geografii v podgotovke ekonomiko-geo- 
grafa,” ibid., pp. 163-68. 

Kazakhstan S.S.R., ekonomiko-geograficheskaia 
kharakteristika, ed. O. R. Nazarevskii and N. N. Bar- 
anskii (Moscow, 1957); Povolzh’e, ekonomiko-geo- 
graficheskaia kharakteristika, ed. K. V. Dolgopolov, V. 
V. Pokshishevskii, and S. N. Riazantsev (Moscow, 
1957); Severnii Kavkaz, ekonomiko-geograficheskaia 
kharakteristika, ed. E. P. Maslov, A. I. Gozulov, and 
N. Riazantsev (Moscow, 1957). 

*8S. N. Riazantsev, “Itogi i zadachi rabot po eko- 
nomiko-geograficheskomy stranovedeniu provodimikh 
institutom geografii Akademii Nauk S.S.S.R.,” Izves- 


tiia Akademii Nauk S.S.S. ; 
1957, No. 5, p. my S.S.R., seriia geograficheskaia, 


*E. M. Murzaev (ed.), Sredniaia Aziia—fiziko- 
seograficheskaia kharakteristika (Moscow, 1958), 647 
pp. An abridged version is E. M. Murzaev, Sredniaia 
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Soviet physical geography*® is not the insertion 
of new subject matter, but the unequivocal 
nature of the new philosophical stance. Al- 
though explicitly a study in physical geogra- 
phy, the first chapter is devoted to a concise 
discussion of the economic, political, and pop- 
ulation patterns of the region, and its general 
geographical context. The fact that the cri- 
teria for the selection and presentation of 
material are functional by no means excludes 
the study of contemporary processes or a 
thoroughly genetic approach to the under- 
standing of the interacting elements of the 
environment. 

V. A. Anuchin’s regional monograph on 
Transcarpathia®® is a rare modern example 
of a work explicitly in regional geography 
(stranovedenie ) in which due weight is given 
to physical, historical, economic, and social 
factors, and in which the expressed aim is to 
illuminate the relationship between environ- 
ment, economy, and population distribution.** 
Apparently a composite geography of the 
Soviet Union, comparable with the French 
Géographie Universelle or the prerevolution- 
ary Russian series,®* long pleaded for, has now 
been recommended for ultimate publication.®® 

Much of the credit for such positive changes 
in the integration—climate of Soviet geogra- 
phy as have occurred over the last decade 
should go to the periodical Questions of 
Geography (Voprosy Geografii)®® which by 
precept and example has seemed more than 
any other vehicle to bring all geographers 


Aziia—fiziko-geograficheskaia ocherk ( Moscow, 1957), 
270 pp. Of similar scope and orientation should be 
mentioned N. I. Mikhailov, Sibir—fiziko-geografich- 
eskii ocherk (Moscow, 1956). 

55 E.g., L. S. Berg, Natural Regions of the U.S.S.R., 
American translation edited: by J. A. Morrison and C. 
C. Nikiforoff (New York, 1950); S. P. Suslov, Fizich- 
eskaia geografiia S.S.S.R. Aziatskaia Chast’ (2nd ed.; 
Moscow, 1954); B. F. Dobrynin, Fizicheskaia geo- 
grafiia S.S.S.R. Evropeiskaia Chast’ i Kavkaz (2nd ed.; 
Moscow, 1948); A. A. Grigor’ev (ed.), Kazakhstan: 
obshchaia fiziko-geograficheskaia kharakteristika ( Mos- 
cow, 1950). 


Geografiia sovetskogo zakarpat’ia (Moscow, 
1956). 

57 Ibid., pp. 7-8. 

58 See fn. 23 above. 

59 “Koordinatsionnoe soveshchanie po probleme 


‘Geografiia S.S.S.R.,’” Izvestiia Akademii Nauk 

S.S.S.R., seriia geograficheskaia, 1957, No. 5, pp. 

62-64. Also N. N. Baranskii, “Eshche raz ‘Bolshoi 

geografii S.S.S.R.’,” Izvestiia Vsesoiuznogo Geograf- 

icheskogo Obshchestva, Vol. 90 (1958), pp. 134-41. 
60 See fn. 2 above. 
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together effectively and lay the foundations 
for unity. 

But the stumbling blocks on the road to a 
truly rounded regional geography are still 
substantial. A meaningful synthesis would 
demand cooperation and an altered orientation 
on the part of many influential people, chiefly 
on the physical side. In spite of the strides 
made by economic geography from virtual 
obscurity just after the war, the stage of “sep- 
arate but equal,” perhaps an essential stepping 
stone to integration, is not quite yet. No 
geographers other than physical geographers 
have yet been admitted to full membership in 
the Academy of Sciences, and unfortunate 
incidents like the following lead to suspicions 
that must be very frustrating to protagonists 
of geographical unity. The new edition of the 
“U.S.S.R.” volume of the Great Soviet Ency- 
clopaedia® lists in its account of the activities 
of the various sciences “Geography (Physi- 
cal)” in place of just “Geography” which was 
used in the first edition of 1947. Four pages 
are devoted to the various specialisms of 
physical geography, indicating the advances 
of the last decade, compiled by “collective 
authors” from the Geology-Geography Section 
of the Academy of Sciences.*®? Economic 
geography, on the other hand, receives just 
one sentence which is submerged in a long 
tract on “Economic Science.”** There is no 
mention of the important achievements repre- 
sented by the economic-regional monographs 
(even though published by the Institute of 
Geography of the Academy of Sciences) or of 
the other books mentioned earlier in this 
paper. An abundance of original and provoca- 
tive work in all branches of geography was 
published in the forty-odd volumes of Ques- 
tions of Geography between the appearance of 
the first and second editions of the Encyclopae- 
dia, and yet none of this is referred to at all. It 
is hardly surprising, therefore, that this should 
evoke the ire and the irony of the Professor of 
Economic Geography at Moscow University.® 
He charges that the “collective authors have 


61 Bol’shaia Sovetskaia Entsiklopedia, “S.S.S.R.,” 
Vtoroe Zdanie ( Moscow, 1957). 

62 [bid., pp. 480-83. 

63 Ibid., p. 537. 

64 Iu. G. Saushkin, “K ishcheznovenniu geografii i 
ekonomicheskoi geografii v tome ‘S.S.S.R.’ Bol’shoi 
Sovetskoi entsiklopedii,” Izvestiia Vsesoiuznogo Geo- 
graficheskogo Obshchestva, Vol. 90 (1958), pp. 190- 
91. 


held up a completely distorting mirror to the 
achievements of Soviet geography, ‘forgetting’ 
the most important of its works, its complete 
ness as a science, dismantling it into parts and 
representing it as . . . only physical geogra- 
phy.” Many Western geographers 
lament with him when he says that “While 
geographers are often accused of being inade. 
quate, others are chosen to speak for them, .. 
it is a good thing that a science exists and 
evolves regardless of what is written in ency. 
clopaedias.” He wonders why all this did not 
come to the notice of one of the editors of the 
volume, Academician Grigor’ev, who, although 
he has apparently done no substantive work in 
economic geography, has at times ventured to 
pronounce on its methodology (and has in 
fact been criticized for this ).°* One must hope 
that the whole affair was an unfortunate over. 
sight, but at best it is an indication of a woeful 
lack of communication between geographers 
and the urgent need for more unity of purpose 
and action. But there is no point in reading 
too much significance into such a lapse; the 
facts remain that economic geography has 
grown a great deal since the war in the Soviet 
Union and that many practical and theoretical 
moves towards a united geography have been 
made. Moreover, Academician Gerasimov has 
presided, as Director of the all-important Insti- 
tute of Geography, over a flood of publications 
in economic geography, and has proclaimed 
that “the principal object of geography, now as 
before, is a general study of the natural con- 
ditions, economy and population of diverse 
regions, countries and the world as a whole.” 
Further, an encouraging report was issued 
recently telling of the impending publication 
of a four-volume Short Geographical Encyclo- 
paedia compiled by a representative group of 
physical and economic geographers, including 
Gerasimov, in which one section is to be 
devoted to “geography as a whole.”®* 


SOVIET GEOGRAPHY AND THE WEST 
Soviet geography has not yet produced its 


65 Ibid., p. 191. 

66 Q. A. Konstantinov, “O suzhdenyakh akad. A. 4 
Grigor’eva po metodologicheskim voprosam ekonom- 
icheskoi geografii,” Izvestiia Vsesoiuznogo Geo 
eskogo Obshchestva, Vol. 84 (1952), pp. 59-72. 

67 J. P. Gerasimov (see fn. 12 above), p. 7: 

68“ geograficheskoi entsiklopedii.” Izvestiia Vse- 
soiuznogo Geograficheskogo Obshchestva, Vol. 9 
(1958), pp. 299-300. 
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e, but it is hoped that this paper has 
— glimpse of the material he will 
have at his disposal. It is probable that the 
body of geographical material now being built 
up in Russian will prove to be at least as sig- 
nificant to English-speaking geographers as 
that in any other language. And yet we must 
admit that it has scarcely swum into our ken. 
Hartshorne’s exhaustive examination of the 
methodological writings in English, German, 
and French up to 1939 led him to mention 
only one Russian geographer.®* This void in 
the Western geographical literature has appar- 
ently not changed appreciably. Thus the most 
recent edition of Geography in the Twentieth 
Century” has no discussion of Russian geogra- 
phy to set alongside those of several other 
European schools of geographical thought. 
Whereas it is common for English-written 
articles and books to quote French or German 
references, it is almost unknown, except in the 
case of a specifically Soviet subject, to quote 
Russian. On the other hand, references to 
publications in English are quite normal in the 
Russian academic literature, and the chief 
geographical journals even insert a contents 
list in English. This almost total neglect of 
Russian geography in the West is surprising 
since the subject was comparatively well- 
established there in the second half of the 
nineteenth century, with several original and 
wide-ranging men writing and teaching. Only 
in Germany and France was geography rather 
better represented by the turn of the century. 
Soviet geographers today are very conscious of 
this heritage, even though they may differ 
sharply about its implications for present 
policies, 

It is clear, then, that the past and present 
activities of Russian geography warrant much 
more attention in the West. That the Russians 
are vitally interested in American geography 
was amply demonstrated by their 28-page 
review of American Geography, Inventory and 
Prospect," to which most of the influential 
Soviet geographers contributed. As far as 
emphasis in their content is concerned, Ameri- 
can and Soviet geography may be said to be 

“R. Hartshorne, “The Nature of Geography,” 
Annals, Association of American Vel. 39, 
"3 and 4 (third printing 1949), p. 99. 

Geography in the Twentieth Century, ed. G. Tay- 
lor (3rd ed.; New York, 1957). 


Izvestiia Akademii Nauk S.S.S.R., seriia geo- 
» 1956, No. 1, pp. 115-43. 


complementary, and individually somewhat 
lopsided—a _ condition which both countries 
seem to be moving to remedy. In practice, the 
content and trends of physical geography are 
basically similar, as Grigor’ev has noted?*—the 
great difference lies in the scale of operations. 
The vigorous expansion of Soviet economic 
geography in recent years and its extension to 
take in more and more regional, population, 
and settlement studies has also contributed 
strongly to a narrowing of the differences 
between the actual content in both countries, 
but here again there is a disparity of scale. 

A further obstacle to mutual comprehension 
—the obtrusive ideological content and xeno- 
phobic vituperation which marred much other- 
wise competent work in Soviet economic geog- 
raphy—has been removed in the last few years, 
and the geographical character of the work has 
been deepened. On our side it may be said 
that the virtual extinction of crude environ- 
mentalism, a fact that the Soviet geographers 
have recently acknowledged, has removed 
another obstacle to mutual communication 
(and incidentally cleared away a shattered 
target). Soviet geography is more severely 
practical than American geography and 
hedged in by the requirements of party-set 
tasks. In recent years, however, even this con- 
dition has been considerably modified by the 
introduction of more purely cultural facets of 
the subject, such as the historical geography of 
towns (even the “abominable snowman” has 
merited a paper**), and above all by the time 
taken up in methodological discussion. Soviet 
geographers have moved closer to the normal 
Western view of an academic subject as a 
more or less “pure” investigation of a field of 
knowledge, rather than as an instrument of 
policy. 

The most significant point of divergence of 
Soviet from American geography is seen in its 
bicellular structure, but even here the ferment 
of debate has begun to set in. The official posi- 
tion is that owing to the supposed dichotomy 
between physical and social phenomena a 
monistic view of geography is unscientific. Is 
it possible that this analysis may be right and 


72 A. A. Grigor’ev, in review of American Geogra- 
phy, Inventory and Prospect (fn. 11 above), p. 121. 

73 V. Obruchev, “Novye materialy o snezhnom 
cheloveke na Pamire,” Izvestiia Vsesoiuznogo Geo- 
graficheskogo Obshchestva, Vol. 89 (1957), pp. 339- 
43. 
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that the foundations of our “bridge” with 
which we straddle the physical and social 
sciences may prove to be built on sand, to be 
swept away by some future tide of logic or 
experience? Leighly seems to come close to 
this view when he declares that physical 
geography needs to be independent of human 
geography to thrive.“* Although in this he is 
something of a lone voice among American 
geographers, it is conceivable that he may be 
right, in which case the linchpin will surely 
have been taken out of a unified geography, 
and the present official Soviet stand vindi- 
cated. 

The unity of geography is now rarely ques- 
tioned explicitly in the West, at least by 
geographers, and most of us would probably 
agree with the growing body of dissenting 
integrationists in the Soviet Union, who point 
out the constant interaction of man and nature 
and the focal significance of such unifying 
concepts as the distribution of population, the 
cultural landscape, natural resources, and 
environment. 

But the best-laid plans for an integrated 
completeness in geography can be vitiated 
unless all the relevant branches of the subject 


are adequately cultivated. The study of some 
pertinent social aspects is still both cursory 
and biased in the Soviet Union, though this 
judgement has rapidly become less true in the 
last few years. On the other hand, the broad 


74J. Leighly, “What Has Happened to Physical 
Geography?”, Annals, Association of American Geog- 
raphers, Vol. 45 (1955), pp. 309-18. 
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field of physical geography is seriously unde. 
developed in the West in comparison with the 
Soviet Union. In the United States at least 
following the post-Davisian reorientation, the 
foundations for an integrated study of the 
physical environment have been laid, ) 
Britain (and much of Western Europe) strong 
traditions of geographical unity have to som 
extent been sapped by the persistence of the 
dominant position within physical geography 
held by a geologically-focussed geomorphol 
ogy. 
The eclipse of environmentalism has made 
wide-ranging, detailed studies of the physical 
environment all the more vital to the survival 
of geography as a whole, and mutual rel. 
vance between studies on the physical and 
human sides seems essential. Soviet geogr- 
phy now more or less adequately fulfills this 
requirement in spite of the current duality of 
organization which originated in the particular 
historical context of the early Stalin era. 
Incentive enough for the Western geogra- 
pher to acquaint himself with Soviet writings 
lies in deepening his knowledge of geo 
graphical reality over a large and peculiarly 
neglected part of the world, where field work 
is still very difficult. But beyond this, in our 
attempts to organize and focus our subject to 
achieve a more meaningful coherence, contact 
with the techniques and theoretical arguments 
of the Soviet geographers should certainly 
yield some ideas of value as well as interest.” 


75 The author wishes to thank R. Hartshorne and 
John A. Morrison for their valuable criticism. 
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RMIN KOHL LOBECK was born in New 

York City on August 16, 1886. When he 
was three years of age his family moved to 
Haworth, New Jersey, where he grew up and 
received his early schooling. He died on April 
9, 1958, at the age of 71 in Englewood, New 
Jersey, where he had resided since 1929. As 
the eldest of five sons, he withdrew from 
school to help support the family when his 
father became ill. However, he was soon able 
to return to high school and complete his sec- 
ondary education. 

Older than most high school graduates he 
was 21 when he entered Columbia College in 
1907. Being of serious mien he tried to make 
the most of his educational opportunity. He 
continued to live in Haworth and made the 
arduous round trip to the University each day. 
He studied in the fields of botany and archi- 
tecture, both to become significant in his pro- 
fessional career. He graduated in 1911 with 
the A.B. degree. In his senior year at Colum- 
bia he enrolled in the Graduate School and 
made some progress on his Master’s degree, 
which was awarded in 1913. 

He began his teaching career at the Phila- 
delphia College of Pharmacy, where he taught 
botany for three years, 1911-14. After con- 
cluding his teaching service in Philadelphia -he 
retuned to the University and continued 
graduate work in physiography and geology. 
Here he came under the influence of Douglas 
W. Johnson, a noted scholar in the field of 
geomorphology. It was in the study of geo- 
morphology and structural geology that he 
began to apply his knowledge of architecture 
to the representation of landforms, a method 
that become known as physiographic drawing. 
After spending a season in Puerto Rico doing 
field work for his dissertation he returned to 
the University and completed the require- 
ments for the Ph.D. degree, which he received 
in 1917, 

He entered the United States Army during 
World War I and was sent to Camp Dix. He 
Was soon transferred to the Department of 
State and assigned to “The Inquiry,” organ- 
ized by Colonel E. M. House during the war 


ARMIN KOHL LOBECK, GEOMORPHOLOGIST AND 
LANDSCAPE ARTIST, 1886-1958 


GUY-HAROLD SMITH 
The Ohio State University 


to prepare for the making of peace. When the 
war was over he became a member of the 
Geography Section of the American Commis- 
sion to Negotiate Peace and went to France in 
December 1918. He became closely associated 
with Isaiah Bowman, Mark Jefferson, Law- 
rence Martin, and other distinguished geogra- 
phers who were attached to the Commission. 
His duties consisted chiefly of the preparation 
of a number of physiographic maps of problem 
areas, such as the Balkans, the Istrian Penin- 
sula, Albania, and others. After the war these 
maps were published by the American Geo- 
graphical Society. 

It was at the Peace Conference in Paris that 
he met Professor C. K. Leith, Chairman of the 
Department of Geology at the University of 
Wisconsin. Professor Leith was looking for a 
physiographer—geographer who could fill the 
position in the Department that had been 
vacant for two years because of the resignation 
of Lawrence Martin. Lobeck accepted the 
position as an assistant professor and he and 
Mrs. Lobeck moved to Madison in the autumn 
of 1919. He remained at the University of 
Wisconsin for 10 years and during this period 
his first physiographic maps of major scien- 
tific and educational importance were pre- 
pared and published. The large-scale Physio- 
graphic Diagram [map] of the United States 
was published by A. J. Nystrom Company in 
1921. He began work at once on a small-scale 
edition of this map of the United States. The 
map and the accompanying text were pub- 
lished in 1922 by the Wisconsin Geographical 
Press wholly owned by him. This was the 
beginning of a most successful publishing 
business which he took to Columbia Univer- 
sity and renamed The Geographical Press. In 
1954 it was transferred to C. S. Hammond & 
Company as a division of that firm. 

In the autumn of 1929 Professor Lobeck 
returned to Columbia University as Professor 
of geology and was given responsibility for 
instruction in the elementary courses. In this 
aspect of his teaching service his influence was 
essentially dual in character. Not only the 
students in his classes came under his skillful 
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teaching but his assistants, doing graduate 
work in geology, received training as appren- 
tice teachers. Today these former assistants 
ge unanimous in their praise of Professor 
Lobeck as a model teacher and preceptor. By 
1954, when he retired after 25 years of teach- 
ing service at his alma mater, hundreds of 
students, both undergraduates and graduates, 
had heard his interesting lectures and had seen 
him do his blackboard sketches with consum- 
mate skill. For the effective blending of the 
spoken word with the craftsmanship of a land- 
scape artist he is well remembered. It was for 
his distinguished service as a teacher of geol- 
ogy that he was awarded the Neil Miner 
Medal by the Association of Geology Teachers 
in 1956. 

Lobeck is best known among geologists, 
geomorphologists, and geographers for a 
variety of books, reports, and exercises that 
contain one or more physiographic maps pre- 
pared by him or in some cases by his students. 
Both in America and abroad students of 
geology and geography have used these maps 
and exercises by the thousands. For years to 
come C. §. Hammond & Company will make 
his teaching materials available to unnum- 
bered students and scholars. 

During World War II he was employed by 
the Military Intelligence Service, G-2, General 
Staff of the United States Army and prepared 
sketch maps for the invasion of North Africa. 
He later devoted his time largely to the prep- 
aration of a large-scale physiographic map of 
Europe. This map was originally prepared .in 
sections to meet the needs of the General Staff 
in planning operations on the Continent. These 
were later assembled and joined in a single 
physiographic map of Europe. 

Professor Lobeck had many of the charac- 
teristics of the early naturalists; his interests 
could never be described as narrowly personal 
or professional. His early training and inter- 
ests in botany found expression in his service 
on the Board of Trustees of the National Parks 
Association and on the Board of Governors of 
the Nature Conservancy. His great interest in 
the natural wonders of the United States is 
further indicated by his popular and profes- 
sional work on the Allegany State Park in New 
York and the Mammoth Cave National Park in 
Kentucky. 

Few people knew of his personal interest in 

Vineyard where he had a summer 
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home. He and Mrs. Lobeck had a brief vaca- 
tion on the island in the summer of 1942. Two 
years later he purchased a cottage on Trinity 
Park in Marthas Vineyard Camp Meeting 
Association in the Town of Oak Bluffs. So far 
as his duties would permit he spent his sum- 
mers on Marthas Vineyard. Here in the last 
years of his life after his retirement from 
Columbia he refreshed himself, but as time 
and limited energy would permit, he continued 
to work on his maps and other publications. 
One of his last works, Things Maps Don’t Tell 
Us, was in part a vacation project. In order to 
get along with his work he set for himself a 
schedule of a certain number of hours a day 
and as a consequence he was able to make 
rapid progress on the book. 

When a serious illness restricted his activi- 
ties he continued to work on a book that may 
be described as a companion to Things Maps 
Don't Tell Us. In the last year of his life, even 
during the last weeks, he could not let life slip 
away without making additions to the manu- 
script, which may be published posthumously. 

His attachment to Marthas Vineyard was 
very real and sincere. He became a Director 
of the Camp Meeting Association in 1950 and 
took a leading part in the affairs of the Asso- 
ciation. He was Vice President in 1956. 

Professor Lobeck married Bertha Merrill of 
Skowhegan, Maine, on December 25, 1917. 
He is survived by his widow, a daughter Elmire 
(Michel) who resides in Haiti, a son Edward 
Merrill, a granddaughter Margaret, and three 
brothers. 

His personal life was characterized by devo- 
tion to his family and his friends. He had a 
warm-hearted personality and a rare sense of 
humor cherished by all who knew him. He 
was a genuinely magnanimous person and was 
amused at those with fewer talents and more 
modest skills who were always pressing for 
recognition. Fundamentally a modest person 
he left no bibliography or orderly record of 
his achievements. The list of his publications, 
therefore, may be incomplete. 
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History of the Earth and the Advent of Man. 
New York: The Geographical Press, 1941. 
Geologic Map of the United States. 1 sheet 
with text on back. New York: The Geographi- 
cal Press, 1941. 

Words, Etymological Meaning of Terms. 2 
sheets. New York: The Geographical Press, 
1941. 

“Keeping Time in Ancient Greece and Rome,” 
The Geographical Review, Vol. XXXI (1941), 
pp. 660-62. 

Topographic Maps: Representative Examples. 
2 sheets. New York: The Geographical Press, 
1942. 

“Some Geographical Terms and Their English 
Relatives,” The Journal of Geography, Vol. 
XLI (1942), pp. 130-37. 

Geologic Map of Europe. 1 sheet, 2 colors, with 
text. New York: The Geographical Press, 1942. 
Physiographic Diagram [map] of Europe. Large 
scale. New York: The Geographical Press, 1944. 


(With Wentworth J. Tellington) Military Maps 
and Air Photographs, Their Use and Interpreta- 
tion. New York: McGraw-Hill Book Co., Inc., 
1944. 

“Douglas Johnson,” Annals, Association of 
American Geographers, Vol. 34 (1944), PP. 
216-22. 

Physiographic Diagram of Asia. 8 folio pages. 
New York: The Geographical Press, 1944. 
“Cartography,” Scientific Monthly, Vol. 60 
(1945), pp. 417-25. ; 
“Cartography,” in The New International 
Yearbook, A Compendium of the Worlds 
Progress for the Year 1944, pp. 106-10. New 
York, 1945. ie 
Physiographic Diagram of Africa. 1 sheet, wi 
text. New York: The Geographical Press, 1946. 
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1947. 


ARMIN Kont Loseck, 1886-1958 


“Field Excursions in Geology,” Science Educa- 
tion, Vol. 31 (1947), pp. 127-30. 

Historical Geology of the United States. Set of 
10 maps with notes. New York: The Geo- 
graphical Press, 1947. 


Geological Diorama of the United States. 1 


sheet, 3 colors. New York: The Geographical 
Press, 1948. 

Physiographic Diagram of North America, with 
Map of Physiographic Provinces on reverse. 
Small scale. New York: The Geographical 


Press, 1948. 


. Physiographic Diagram [map] of North Amer- 


ica. Same as above, but large scale. New York: 
The Geographical Press, 1949. 

“Map Mindedness,” Teachers Service Bulletin 
in Geography, Vol. III. 4 pages. New York: 
The Macmillan Company, 1949. 


. Physiographic Diagram of Pennsylvania. 1 


sheet. New York: The Geographical Press, 
1951. (This is representative of a number of 
physiographic maps of states prepared by him 
during his professional career. ) 

(With Joseph Gentilli and Rhodes W. Fair- 
bridge) Physiographic Diagram of Australia. 8 


1958. 
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folio pages. New York: The Geographical Press, 
1951. 

Palisades Folder, Panoramic View of New York 
Region as seen from the Palisades. 1 sheet. 
New York: The Geographical Press, 1952. 
Illustrations to Accompany Physiographic Dia- 
gram of Australia. 1 sheet. New York: The 
Geographical Press, 1952. 


. Things Maps Don’t Tell Us, An Adventure 


into Map Interpretation. New York: The Mac- 
millan Company, 1956. 

Physiographic Diagram of the United States 
(rev. ed.). Small scale, 8 folio pages. Maple- 
wood, New Jersey: C. S. Hammond & Co. 
(The Geographical Press), 1957. 

The Trade of the World ( Mid-century ed.). 8 
folio pages. Maplewood, New Jersey: C. S. 
Hammond & Co. (The Geographical Press), 
1957. 

Block Diagrams and Other Graphic Methods 
Used in Geology and Geography (2nd ed.). 
Amherst, Mass.: Emerson-Trussell Book Com- 
pany, 1958. (This is a reprint of the 1924 
edition except for “. . . about a dozen pages or 
half pages of new matter. .. .” 
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LETTERS AND COMMENTS ON ANNALS TOPICS 


Letters and comments on Annals topics are wel- 
come. Statements should be concise, restrained, help- 


ful, and deal with Annals subject matter. The Editor 
reserves the right to accept or reject material out of 


hand and to make such changes as seem necessary oy 
becoming. This feature will be run as often as avail. 
able material warrants. 


THE Eprror 


MAP PROJECTIONS, LINEAR SCALE, AND THE REPRESENTATIVE FRACTION 


Most of us have been taught, if not actually 
been caught teaching, that the representative 
fraction means that one unit on the map repre- 
sents a given number of units on the ground: 
that 1:1,000,000 means that one inch or one 
centimeter on the map represents 1,000,000 
inches or centimeters on the earth’s surface. 
While statements like this are approximately 
true, especially for large-scale maps, strictly 
speaking they are false, and, though they may 
be useful in teaching, they should never be 
used without qualification. Certainly such a 
statement should never appear in a text on 
cartography as a definition of the representa- 
tive fraction. The purpose of this note is to 
clarify this definition. 

To do this some of the basic traits of pro- 
jections must be kept in mind. A projection is 
a system of coordinate lines on a plane that 
represent the spherical coordinates of latitude 
and longitude. This system has a mathemati- 
cal base that can be adjusted to give desired 
characteristics to the projection. While the 
possible adjustments are myriad in number, 
for any one projection the coordinate lines are 
rigidly fixed in relation to each other. So far, 
size has not been important in our discussion 
for the only measurements have been the 
angular measurements of latitude and longi- 
tude, and a given projection is equally well 
suited for the plotting of relative positions 
from any sphere. It is only when we say which 
sphere we are dealing with that we can give 
the projection a scale and say that our line or 
point of origin for the projection is drawn in a 
definite proportion to its size on the surface 
of the earth. When the origin of the projection 
is once established at a certain proportion of 
its true size, for example 1:5,000,000, then, 
since all the coordinate lines are rigidly fixed 


in relation to this origin, the entire projection 
may be said to be drawn on this scale. This 
does not mean that all the lines of the projec- 
tion are one five-millionths of their true length 
on the earth, but rather that the projection as 
a whole is one five-millionths of the size it 
would have been if the origin were drawn 
full-scale. It is thus seen that the “representa- 
tive fraction” is the scale of the projection and 
does not show the proportion of the distance 
between any two points on the map and the 
corresponding distance on the ground. There 
are, of course, some parts of the projection 
where the representative fraction will give the 
exact ratio between a measurement on the 
map and the distance on the ground. By defi- 
nition the origin of the projection is such a 
place, and for practical applications the area 
near the origin can be included. On some pro- 
jections there are special lines away from the 
origin that will also remain in the same pro- 
portion to their actual length on the ground, 
e.g.: the radial lines of the azimuthal equidis- 
tant projection; the latitude lines in the sinu- 
soidal projection; etc. But of course distance 
cannot be measured across these lines. 

It is time that we be more exact in defining 
the representative fraction. The habit has been 
to say that a unit on the map represents a 
given number of units on the ground. This 
sounds so true, and in so many practical appli- 
cations is so near the truth, that the falsity of 
the phrase is overlooked. It must be remem- 
bered that the representative fraction is the 
scale of the projection itself and, except in 
special cases, is not the ratio between distances 
on the map and the corresponding distances 
on the ground. 

Rosert LEE WILLIAMS 
Yale University 
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COMMENTS ON THE USE OF CHI-SQUARE 


In a recent discussion on the distinction 
between relative and absolute frequencies in 
the x’ test, the view was expressed that meas- 
urements made upon areas, weights, lengths, 
etc, could be used as absolute frequencies if 
the total number of observations on the raw 
data were collected, examined, classified, and 
counted upon a specified unit of measure- 
ment, €.g., one-acre units.’ That is, the abso- 
lute frequency (N) is equal to the total num- 
ber of observations (N) made on defined 
individuals, e.g., one-acre units, where: 


and f, and f, are observed and expected fre- 
quencies and N is the absolute frequency. 

If the preceding statement is accepted, then 
the value of N obviously will depend upon the 
investigator's choice of unit of measurement: 
the smaller the unit, the greater is N. There- 
fore, an investigator will invariably obtain as 
many different values for N as he uses for 
units of measurement in repeating an analysis 
of the same raw data. Consequently, the 
“absolute” frequency is variable; the value of 
y is variable; and inductive conclusions 
based upon the x” test become meaningless. 

¥ is a discrete variable; observed frequen- 
cies must be integers; and the separate obser- 
vations which make up the sample should be 
statistically independent.? However, measute- 
ments made upon areas, weights, lengths, etc., 
do not give discrete units; observed frequen- 
cies, even though rounded off, must frequently 
be fractions; and as the units may be modi- 
fied at will, they are hardly statistically inde- 
pendent. These difficulties arise because such 
measurements involve non-frequency data. 


e 


The fallaciousness of such applications becomes 

ious when it is realized that the values of x? 
computed from non-frequency data vary in magni- 
tude with the size of the units employed in meas- 
uwement. Assume that two investigators have a 
common aim: To determine how the height of 
human males varies with age. They make measure- 


'L. Zobler, “The Distinction between Relative 
and Absolute Frequencies in Using Chi Square for 
Analysis,” Annals, Association of American 
Geographers, Vol. 48 (1958), pp. 456-57. 
Frederick C. Mills, Statistical Methods (3d ed.: 
Holt & Co., 1955), pp. 519, 535, 538. 


ments of the same individuals in various age groups, 
fit equations of the same form to their data, use 
these equations to compute theoretical values of 
height, and then obtain estimates of x? in a manner 
similar to the one described above. One of the 
investigators has measured height in centimeters, 
the other in inches. Except for incidental discrep- 
ancies, the value of x? calculated from the centi- 
meter data will turn out to be 2.54 times the value 
calculated from the inch data.3 
When measurements are used in the ,” 
test, they are employed to establish categories 
within which occurrences are counted. Thus, 
within the categories established by a one- 
acre* grid system, trees may be counted; 
within the category established by the height 
range of 60 to 65 inches,> people may be 
counted; and so forth. Clearly, a conversion 
from one unit to another or a change in cate- 
gory range will have no effect on the total 
number of items, that is, N. The value of y* 
is then determined by a comparison of ob- 
served and expected frequencies within the 
specified categories, N remaining constant. 


3D. Lewis and C. J. Burke, “The Use and Misuse 
of the Chi-Square Test,” Psychological Bulletin, Vol. 
46 (1949), p. 477. 

4G. Udny Yule and M. G. Kendall, An Introduc- 
tion to the Theory of Statistics (14th ed.: Charles 
Griffin & Co., 1953), pp. 310-12. The authors dis- 
cuss geographical areas, which they term modifiable 
units, as used in correlation and regression analysis. 

5 Wilfrid J. Dixon and Frank J. Massey, Jr., Intro- 
duction to Statistical Analysis (2d ed.: McGraw-Hill 
Book Co., 1957), p. 221. 


J. Ross Mackay 
The University of British Columbia 


Relative frequencies, such as acres or bush- 
els, are quite permissible in establishing the 
categories or cells to which members of two 
sets of events to be compared using chi-square 
are allocated. However, the members allo- 
cated should be absolute independent events. 
Numbers such as acres do not satisfy this con- 
dition since the number of members allocated 
to any cell is dependent upon the units (acres, 
square miles, etc.) in which members are 
allocated to other cells. Zobler does not seem 
to have recognized this important distinction. 


Brian J. L. Berry 
University of Chicago 


Sary or 
avail- 3 
oR 
ON 
ction | 
This 
rojec- 
ength 
ON as | 
ize it | 
rawn | 
enta- 
1 and 
tance 
1 the 
“here 
ction 
e the 
the 
defi- — 
ch a 
area 
pro- 7 
the 
pro- 
und, 
idis- i 
sinu- 
ance 
ning 
ts a 
This 
y of 
the 
t in 
3 
| 
AS 


REVIEW ARTICLE 
THE “HYDRAULIC SOCIETY” 


Professor Wittfogel’s Oriental Despotism is 
both a very good and a very important book.' 
Its importance, however, is not so much in its 
direct value to the geographer qua geographer 
as to the geographer as a citizen of the world, 
whether our Western World which (some- 
times too complacently) conspicuously styles 
itself “the Free World,” or that other World 
behind the Curtain. The citizen of the latter 
world, who needs the book most, will not be 
allowed to read it, for Wittfogel is worse than 
an anti-Marxist; he is a man who has absorbed 
his Marxism and survived as a critical intelli- 
gence. 

Although the proportion of the book which 
is directly geographical in content is small, 
it is nonetheless very much to the point, 
directed, in fact, right to the heart of the 
question of “influences.” It may be said right 
away that, by and large, Wittfogel maintains a 
sound and balanced attitude to this crucial 
problem, and to this we shall return. Of very 
much value, also, are the numerous method- 
ological discussions. But in essence Oriental 
Despotism is a treatise in political science, its 
geography as it were at once incidental and 
yet fundamental. Considering the nature of 
the book and the importance of its theme, 
however, the reviewer makes no apology for 
dwelling on its historical and political aspects. 

The thesis of Oriental Despotism is simple, 
but tremendous in its implications, and both 
the evidence adduced and the inferences 
drawn are complex enough. Put briefly—too 
briefly—the thesis is that the great “hydraulic 
societies,” based on large-scale irrigation with 
its demand for large-scale managerial organi- 
zation, of their nature produced a despotism 
in which the state is far stronger than society. 
Property, mobile and immobile, is kept weak 
and divided. Except in times of troubles, con- 


1Karl A. Wittfogel, Oriental Despotism: a Com- 
parative Study of Total Power (New Haven: Yale 
University Press, 1957). xix and 556 pages. Bibli- 
ography, indices. 64% x 9%. $7.50. The reviewer 
read the book on a ketch in the Koro Sea. Apologies 
are therefore due for the lack of cross-references to 
other writers, but the complete privation of libraries 
may at least obviate the, “what do you think of what 
Bagehot thinks of what Burke thinks of what Lessing 
thinks . . . [Great Names ad lib.] . . . of what Aristotle 
thinks of the Sublime” style of treatment. 


flict of any significance—and that is not 
much—is confined to a close ruling circle 
There is but one center of power, the De. 
pot, who works through an agro-managerial 
bureaucracy; this power is absolute and abso. 
lutely corrupt. Finally, aided by the material 
and psychological techniques of our century, 
“the industrial despotism of the fully devel. 
oped and totally managerial apparatus society 
combines total political power with total social 
and intellectual control” (p. 440), invading 
fields which the classic tyrannies had left at 
least semiautonomous. 

This thesis is presented with great learning, 
in a style always clear and sometimes vivid. 
Indeed, Wittfogel’s headings now and then 
have a lapidary quality recalling that of 
Macchiavelli’s Discourses. With reservations, 
at times considerable, as to detail, the reviewer 
finds the argument compelling in its general 
outlines, too compelling for comfort. 

Much of the interest and value of Oriental 
Despotism lies in the many subsidiary meth- 
odological analyses. Wittfogel introduces sev- 
eral concepts which, if not always original, are 
usually placed in a new and enlightening 
context or given new shape and point. An 
excellent example is the law of changing 
(either diminishing or increasing) administra- 
tive returns (pp. 109-13). In a way it is 
obvious enough. Clearly, there was no point 
in the great saddle-states slung across the 
Indian northwest frontier incorporating the 
petty tribes of the barren hill-country in their 
political machines; the taxable value was quite 
simply not great enough, and control of key 
points and routes, with occasional punitive 
expeditions, was effective enough and far 
cheaper than complete integration. Wittfogel 
gives added depth and point to this simple 
idea by a quasi-geometrical model, and from 
this he draws detailed inferences of impor- 
tance. For example, it is only in crude 
“hydraulic societies” that actual agricultural 
production—as distinct from the taxing of it 
—is an administrative activity, and similarly 
it is only when political considerations, such 
as defense, override an economic rationality 
optimum that finishing industries are di 
managed by the state. 


A 
socl 
disc 
Tan 
and 
(PE 
by. 
creé 
on 
pre 
thei 
sha 
02) 
dev 
tra 
a wh 
recl 
olo; 
to | 
fiel 
cor 
ten 
age 
as 
bie 
as. 
tre 
TeV 
the 
tion 
wh 
loc 
tak 
ite 
| 
15 
the 
a ba 
i 
ele 
ing 
Ge 


1959 


Admirable also—and of great geographical 
concern, not only as applied to “hydraulic 
societies”—is the discussion of the effects of 
discontinuities in the hydraulically cultivated 
land, leading on to the concepts of compact 
and loose societies and of bureaucratic density 
(pp. 162-69). Less directly geographical, yet 
by no means without significance for our in- 
creasingly “social” discipline, are the remarks 
on the need for a new sociology of class, 
present concepts being too much biassed by 
their growth in a “society that was decisively 
shaped by conditions of property” (pp. 301- 
02); those on unilinear concepts of societal 
development (pp. 369-72); and the sketch, 
cursory, erratic, but stimulating, of preindus- 
trial stratified societies (pp. 416-19). Even 
when there is little that could be formally 
reckoned as geographical, there are method- 
ological leads and warnings of distinct value 
to the practicing geographer in a number of 
fields. 

For example, although few are likely to 
agree that Toynbee lacked “incisive major 
concepts” or failed to recognize “major pat- 
terns of societal change” (he got them wrong, 
that is all), there is much point in the warning 
against overemphasis on detailed peculiarities 
as against the common denominators of socie- 
ties. “In the realm of taxonomy the ‘splitter’ is 
as likely to err as the lumper. The intriguing 
trees that dot Toynbee’s landscape do not 
reveal the character of the woods of which 
they form a part” (p. 371). A salutary reflec- 
tion, surely, which should be pondered : by 
those geographers who think that all is gained 
when they have refined a region into a mosaic 
of micro-regions, or have given every slight 
variant in social or economic differentiation a 
local habitation and a name, preferably in 
tabular form with a row of symbols to each 
item. 

Again, Wittfogel deals faithfully (pp. 414~ 
15) with the myth—so absurd in the face of 
the whole process of history, but still only ver- 
bally repudiated by some misapplied anthro- 
pologists—that major cultural receptivity is an 
all-or-nothing affair. The clear distinction 

een essential, specific, and nonspecific 
elements in society; the recognition that many 
cultural elements are “more or less free float- 
ing’; the comparison of China and Japan, Nazi 
Germany and Italy; all “demonstrate strikingly 
civilizations may share many technologi- 
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cal, artistic, literary, and religious features, 
and yet, from the standpoint of societal struc- 
ture, be worlds apart”; there is no “necessary 
connection between all possible aspects of the 
same social organism.” (One wishes another 
word had been used for “organism.”) A tru- 
ism? But the rider is not: as a rule elements 
become specific through their dimension in 
the societies under review, or through the 
“type of configuration” in which they occur. 
It is the massive deployment, not the simple 
existence, of nonslave but forced labor which 
marks off the great “hydraulic societies.” 

Wittfogel’s geography is much more soundly 
based than Toynbee’s;? it is not just a quantum 
of (erroneous) geographical bits and pieces 
picked up to help the case along. Indeed, one 
of Wittfogel’s earliest papers was on “Geopoli- 
tics, Geographical Materialism, and Marxism.” 
In 1929, when it was written, Marxism had 
rather more to do with Marx than it has today, 
a point very well brought out (were that 
really necessary) by Wittfogel’s own extra- 
ordinarily interesting analysis of “The Rise 
and Fall of the Theory of the Asiatic Mode of 
Production” (Chapter 9, pp. 369-412). It is, 
one hopes, no treason to say that Marx at his 
best (which is usually Engels or Plekhanov) 
can be a good stiffener of youthful philosophy, 
always providing that one gets away before 
one’s mental and moral joints begin to ossify. 
At any rate, a Marxist geographer would not 
be likely to split on the rock of a crude physi- 
cal determinism or to drift away into the 
vaguer mists of Possibilism, as indeed Plek- 
hanov showed in his brilliant refutation (some 
years in advance of its object) of the crude 
antienvironmentalism of Shaw’s preface to 
Caesar and Cleopatra. The Marxist geogra- 
pher has his own navigational perils, as Witt- 
fogel himself learned to his cost. 

At bottom, indeed, Wittfogel gives “primary 
importance to institutional (and cultural) fac- 
tors.” Whether one accepts or rejects this, it is 
difficult to improve on his formulation, right 
at the beginning (p. 11), of the role of the 
geographical factor: 

Institutional conditions being equal, it is the 
difference in the natural setting that suggests and 
permits—or precludes [reviewer’s italics]—the de- 


velopment of new forms of technology, subsistence, 
and social control. 


2See the author’s “Toynbee and Huntington: A 
Study in Determinism,” Geographical Journal, Vol. 
CXVIII (December, 1952), pp. 406-28. 
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A better-balanced judgment on this ever- 
debated theme is not likely to be written; 
and precludes surely should preclude that 
loose type of Possibilist writing which almost 
appears to suggest that social norms on their 
own account, without reference to frosty 
nights, established cotton-growing in the 
American South.* Wittfogel’s formulation 
expresses concisely the positively permissive 
and only negatively mandatory operation of 
environmental conditions: never “Thou shalt 
do this”; only “Thou mayst do this”; and very 
definitely “Thou shalt not do that.” 

The ensuing analysis of “the natural setting 
of hydraulic society” elaborates, briefly but 
with finesse, this basic concept. Wittfogel’s 
major terminology itself, despite his own dis- 
claimer, is essentially as much geographical as 
institutional. Originally he conceived his 
studies in terms of “the institutional settings 
of Oriental despotism,” but as he became more 
and more impressed with the societal func- 
tions of large-scale irrigation and flood control 
works, he adopted the adjective “hydraulic” 
rather than “Oriental.” As he points out, this 
permits readier comparison with “industrial” 
and “feudal” society, and “permits us, without 
circumstantial reasoning” to include the pre- 
Columbian American civilizations and quasi- 
analogues elsewhere (pp. 2-3). But does this 
really stress institutions rather than geogra- 
phy? To say so seems to me to confuse locali- 
zation with geography. There is a systematic 
as well as a regional geography, and the con- 
cept seems no less geographical for not having 
the localized title “Oriental.” 

Be that as it may, the short analysis (pp. 
13-15) of the natural factors essential to agri- 
culture is as brilliant and as carefully thought 
out as it seems at first glance elementary. 
“Temperature and surface” have still to be 
reckoned with as essentially constants; vege- 
tation and soil are more “susceptible to manip- 
ulation, but to a type of manipulation” which 
does not require large work units. Water, 
however, “within a given agricultural land- 
scape the natural variable par excellence,” is 
specific. Unlike temperature and relief, it can 
be manipulated and indeed has the conveni- 
ence of transporting itself by gravity; but it 
is— 
not only more mobile than other agronomic vari- 


3W. A. Gauld, Man, Nature, and Time (London: 
G. Bell and Sons, Ltd., 1946), p. 26. 
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ables, but also more bulky. Thi i 

utilize large agglomerations of moisture; and this he 
is prone to do whenever natural and technological 
conditions permit. No operational necessity compels 
him to manipulate either soil or plants in 
tion with many others. But the bulkiness of all 
except the smallest sources of water supply creates 

a technical task which is solved either by mass 

labor or not at all. (P. 15.) 

But this labor must be deployed, disciplined, 
and led; it involves organization. 

The succeeding chapter (“Hydraulic Econ. 
omy—A Managerial and Genuinely Political 
Economy”) analyzes in some detail the impli- 
cations of this organization. It is not a matter 
of necessity; “the stimulating contradiction 
inherent in a potentially hydraulic landscape 
[i.e.} one with too little or no rainfall, but with 
access to other supplies] is manifest,” but man 
need not avail himself of it. Only, if he does 
so avail himself, then other effects must needs 
be . . . mass levies of corvée labor; calen- 
dar-making and. astronomy (mensuration and 
tally-keeping, though mentioned, might well 
have received more stress); a variety of struc- 
tures, hydraulic and nonhydraulic; and always 
the managerial bureaucracy which grows in 
appetite as it grows in scope, until indeed the 
returns of administration begin to diminish. 

Much of this, of course, is by no means new, 
although some points both of fact and argu- 
ment will be novel to all but the most erudite. 
The conceptual framework in which it is 
placed, however, is distinctly original, and to 
one reader at least it gave a new coherence to 
known facts. It explained, for instance, the 
shock he felt in Agra, idly wondering what 
might have come about had the old civiliza- 
tions of Mesopotamia continued to flourish; 
and then, as he saw the hopelessly mechani- 
cally uneconomic bullock-carts, he realized 
suddenly: it would have come to this stasis, 
this and no more. 

Coherent as the argument is, however, it is 
yet not so crudely blind as not to recognize 
variants and alternatives: 

Thus, too little or too much water does not 
necessarily lead to governmental water control; nor 
does governmental water control necessarily imply 
despotic methods of statecraft. It is only above the 
level of an extractive subsistence economy, bey 
the influence of strong centers of rainfall 
ture, and below the level of a property-based indus- 
trial civilization that man, reacting specifically to 
the water-deficient landscape, moves towards a spe- 
cific hydraulic system of life. . . . The pioneers of 
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i iculture, like the pioneers of rainfall 
unaware of ultimate conse- 
of their choice. Pursuing recognized 
advantage, they initiated an institutional develop- 
ment which led far beyond the starting point. Their 
heirs and successors built colossal political and 
gcial structures; but they did so at the cost of 
many of those freedoms which the conservative 
dissenters endeavored and, in part, were able to 

preserve. (Pp. 12, 19.) 

The next three chapters (pp. 49-160) 
analyze this sacrifice of freedom to size and 
bureaucratic efficiency, and do so with a 
thoroughgoing ruthlessness highly appropriate 
to the theme. The very chapter titles display 
a crescendo of horror: “A State Stronger than 
Society,” “Despotic Power—Total and Not 
Benevolent,” “Total Terror—Total Submission 
—Total Loneliness.” One may suspect some 
over-painting. The “wearisome condition of 
humanity” was rarely if ever as bad as that all 
through, all the time, everywhere; it was 
indeed at its worst in the very breakdowns of 
the despotisms, the unspeakable epochs of 
private war. Bad enough in all conscience— 
the reviewer is far from considering innocence 
or happiness the natural estate of man—yet 
the fabric of life held and holds, within the 
interstices of oppression, 

... the quite considerable spark 

Of private love and goodness which never leaves 

An age, however awful, in the utter dark.4 


As Wittfogel himself points out, with a logic 
not less real for being more human than 
semantic, in the somber conclusion of Chapter 
5, “Manifestly total loneliness, like total terror, 
also has its varieties.” He concedes—indeed 
at certain stages it is a main point of his argu- 
ment—the mitigations arising from diminish- 
ing administrative returns, which render it 
irrational to attempt to control too much of 
private life; in the lower reaches there remains 
what Wittfogel calls the “Beggars’ Democ- 
racy.” Only real megalomaniacs, like Lopez 
of (nonhydraulic! ) Paraguay, pay no heed at 
all to their own rationality optimum. 

However, with the new techniques of mass 
control and communication of our perversely 
mventive age, the saturation point on the 
curve of administrative returns, beyond which 
additional outlay yields no additional reward 
-.. the absolute administrative frustration 
point” (p. 110), is pushed further and further 

towards base level. Under the industrial 


*W. H. Auden and Louis MacNeice, Letters from 
teland (London: Faber and Faber, 1937), p. 257. 
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apparatus state, even these restricted enclaves 
of individuality shrink almost to nothingness. 
Whether or not Wittfogel’s own experience— 
his intellectual integrity outraged by Marxism; 
his person held in the horror of Nazi concen- 
tration camps—has unduly colored his picture, 
one can only respect, with the deep humility 
proper to those who have not themselves so 
suffered, the temper in which he has used that 
suffering to forge a weapon against terror: 
Others in the camps responded differently. They 
asked me, if ever opportunity offered, to explain to 
all who would listen the inhumanity of totalitarian 

rule in any form. Over the years and more than I 

can express, these men have inspired my search for 

a deeper understanding of the nature of total 

power. (P. vi.) 

With Chapter 6 we return to matters of 
more direct geographical relevance. The im- 
portant concepts of discontinuity, of compact 
and loose hydraulic states, of bureaucratic 
and hydraulic density, have already been men- 
tioned. In Chapters 7 (“Patterns of Property 
Complexity in Hydraulic Society,” pp. 228- 
300) and 8 (“Classes in Hydraulic Society,” 
pp. 301-68) there are numerous methodologi- 
cal analyses which, if essentially belonging to 
the realm of sociology and political science, 
yet have a considerable bearing on social and 
historical geography—such things as the pat- 
terns of property-holding (especially in land), 
the role of private commerce, the relation 
between stratified societies and conquest. 
Some of these would well repay more detailed 
working-out in specifically geographical con- 
texts. In places indeed the analysis appears 
too fine-drawn. Even so, it is a useful cor- 
rective against oversimplified views of agro— 
managerial organization derived essentially 
from Western rainfall agriculture (p. 22) and 
of the sociology of class stemming from the 
classical views on property and society so 
clearly outlined by Madison and Hamilton in 
The Federalist and so powerfully adapted to 
the conditions of their time by Marx and Mill, 
amongst others. 

It will be evident that the reviewer's 
admiration for Wittfogel’s book approaches 
enthusiasm, but it is not uncritical. The main 
argument appears incontrovertibly valid, but 
Oriental Despotism would be an unsafe guide 
to the detail of some specific situations; it is 
much firmer on China, for instance, than on 
India and Islamic society. Unfortunately there 
is some tendency on the part of historical 
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geographers to find their data in just such 
programmatic works, which of their nature 
cannot be homogeneously reliable. It seems 
worthwhile, therefore, to look a little more 
closely at some of Wittfogel’s data and his use 
of them. 

The main general criticism would be that 
“with typical Teutonic thoroughness” (to 
coin a phrase!), Wittfogel’s argumentative 
approach is almost as total as his theme. 
Almost: he does not make quite such mono- 
lithic demagds as Marx, Spengler, or Toynbee, 
and hence, being less dogmatic, he avoids the 
great rifts of inconsistency—or pyramids of 
folly—which tear through or protrude from 
any “system” which tries to subsume all the 
richness of human institutions under one pat- 
tern. Yet, one feels that he does oversimplify; 
he pays insufficient attention to aberrant phe- 
nomena on both sides of his dividing line; to 
the enclaves of despotism in the open Western 
world, to the enclaves of autonomy in Oriental 
society. Their existence indeed he concedes, 
but he scarcely allows them their proper 
weight. At many points the reviewer found 
himself questioning, sometimes severely, the 
selection and emphasis of the data and/or the 
inferences drawn from them. 

Thus the Koran itself, framed in what must 
have been a fragmented and open society, 
would appear to be of dubious authenticity 
as an expression of “hydraulic society” (pp. 62, 
79); the discussion of Western analogues 
seems inconsistent and confused (pp. 81-82); 
the magnates of Muslim India, during much 
the greater part of the span of Islamic rule, 
most certainly exercised power and rebelled 
to maintain it (p. 85). The discussion of 
religion and theocracy (pp. 88-100, 115, 121- 
22) is in general well-knit and stimulating, but 
on the whole Wittfogel ignores, or when com- 
pelled to note it slides over, the importance 
and the degree of successful dissent by 
heresies great and small—Islamic, Buddhist, 
Jain, Sikh, Taoist. He ignores the power of 
religious conviction under Toynbee’s “stimulus 
of penalization.” More open is the question of 
the extent to which even the dominant religion 
was at times significant as a check and balance 
to the despot, but, consistently with the theme, 
Wittfogel seems on the whole to underplay it. 

Everything is pressed into the service of the 
argument, and at times this results either in a 
specific nature being attributed to what is 
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practically a universal or in a definitely one. 
sided preseniation. It is indeed one-sided t) 
draw attention to the limitations to religious 
tolerance under Islamic ruie without asking 
the question: what tolerance at all was ther 
for Islam or any other heresy in the mult. 
centered feudal society of the West? Wit. 
fogel might reply that it was just in the sphere 
of religion that the feudal West erected “ip. 
pressive bureaucratic structures” (p. 368); yet 
on the whole it was ecclesiastical and royal 
power which gave mediaeval Jewry such 
toleration as it had. 

As for universals being treated as specifics, 
some of Wittfogel’s examples are rather divert. 
ing. His discussion of the so-called “right of 
rebellion” (pp. 103-05) ends with the dictum 
that “rebellion becomes legal—post festum: 
but this has never been better put than in non- 
absolutist (despite royal velleities) Stuart 
England: 

Treason doth never prosper; what’s the reason? 
When it doth prosper, none dare call it treason. 
The saying that “peasants without a bailiff are 
a field without a plowman” would have gone 
down quite as well in feudal Europe as in 
ancient Mesopotamia, and the Book of Com- 
mon Prayer recommends obedience to those 
set in authority in almost the words of the 
Koran (p. 150). A more amusing example— 
and the more amusing because of its solemn 
formulation and the weight placed on it—is: 

The Chinese saying that a family may rise from 

rags to riches in three generations and go back to 

rags in the next three well describes the trend 
towards declining wealth that in contrast to the 
feudal gentry characterizes the bureaucratic gentry 

of hydraulic society. (P. 313.) 

Quite apart from the fact that the seedy 
impoverished knight is a stock mediaeval fig- 
ure, the reviewer first heard this saying, in its 
foreshortened “shirtsleeves to  shirtsleeves’ 
form, as a child in the Middle West—a classic 
of the folklore of 19th century American 


capitalism! 
Quite correctly, Wittfogel notes that “Living 
in England . . . Marx was more alert to condi- 


tions in India than in China” (p. 374); but the 
converse certainly holds for Wittfogel himself 
The Indian documentation is thinner an 

more secondary than the Chinese and much in 
the history of Indian society does not square 
too easily with the total thesis. The Arthasastra 
is often cited, and it is indeed a Fiihrer s 
Guide, as perfect a manual of tyranny as 
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be devised; but how far did it accurately 
reflect real conditions, and how far was it a 
blue print of an ideal state? Early Chinese 
accounts suggest that, even in the cities, the 
policing of ancient India was much more per- 
fected in theory than in practice. Again, 
freedom, like tyranny, has the gift of tongues; 
at times indeed it must become as adept at 
double talk and is by so much the less free; 
but one of the glories of India is the expression 
of individuality by an army of saints and 
sages. Rajputana was feudal as could be in 
the spirit if not in tenure; and the sculptures 
of Konarak, the tales of the Panchatantra, are 
a reflection of Indian society very different 
from that of the Arthasdstra or the Laws of 
Manu, but quite as true. 

The tenth and last chapter, “Oriental 
Society in Transition,” contains Wittfogel’s 
final message, or rather the final and as yet 
unanswerable rhetorical questions: whither 
Asia, Western society, mankind? It is an 
unequal chapter; the review of societal types, 
the discussion of change as the result of 
external influences, are richly stimulating, 
though the treatment of colonialism seems 
inadequate and to some extent distorted, 
especially as regards India. The ambivalence 
of current Western attitudes to bureaucracy, 
property, and private enterprise which Witt- 
fogel notes is to some extent reflected in his 
own pages. Strong private property in land is 
to be commended, absentee landlordism con- 
demned; yet here and there he seems to 
approve proprietary trends which would lead 
to absentee landlordism, and one may well 
ask how, in many countries, strong landed 


property could be prevented from growing 
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into absentee landlordism, unless by “con- 
trols.” 

Social controls of some efficacy Wittfogel 
finds in “large bureaucratized complexes that 
mutually—and laterally—check each other: 
most importantly, Big Government, Big Busi- 
ness, Big Agriculture, and Big Labor” (p. 
447); but the balance may be unstable, and 
the fall of one—Big Labor in Nazi Germany, 
Big Business in Soviet Russia—may involve 
others in its ruin. A pertinent and pointed 
footnote emphasizes the significant fact that 
prewar analyses of totalitarianism concen- 
trated on Fascism, postwar on Communism. 

The whole book is an indictment, bitter, 
thorough, fighting, of tyranny; and it ends 
with an eloquent credo in liberty. And yet— 
the how is lacking. Admittedly the book is 
diagnosis, and diagnosis is essential to cure. 
Wittfogel’s diagnosis is superb, but it is not in 
itself cure. We may salute the light he throws 
on the dark forces; but where do we go from 
here? “A new insight that is fully perceived, 
convincingly communicated, and daringly 
applied may change the face of a military 
and ideo-political campaign.” So it may, but 
eloquence in the subjunctive mood is scarcely 
sufficient. What insight, how perceived, com- 
municated, and applied—these questions, 
quite as much as the techniques of deterrence 
(for liberty has so often been bartered for 
protection), are vital in the extreme for all 
who love freedom. She has the gift of tongues: 
in what new tongue must she speak, and speak 
into the storm? 


O. H. K. Spare 
The Australian National University 
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